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HOW AN AIR RECEIVER EXPLODED 
BY FRANK RICHARDS. 


A small air receiver connected with a port- 
able gasolene-engine-driven air compressor 
employed on street gas pipe work exploded on 
June 24th, near the entrance to Greenwood 
Cemetery, Brooklyn, the occurrence exhibit- 
ing a number of interesting features illus- 
trative of the conditions under which 
accidents may occur. 

To save time it may be premised that cir- 
cumstances, after the event, indicate that this 
was not a typical explosion of the type which 
we are apt first to think of in such cases. 
There seems to have been no sudden and 
enormous increase of pressure, such as would 
be caused by the ignition of an explosive 
mixture composed of volatilized constituents 
of the oil combined in 


such 


suitable proportion 








FIG, 2. 


THE HEAD THAT BLEW OUT. 





with the compressed air. The normal work- 
ing pressure which the receiver usually car- 
ried was probably not much, if at all, ex- 
ceeded, nevertheless it seems to have been 
ultimately a simple pressure explosion, but 
accompanied by abnormal conditions which 
provided the opportunity. 

The receiver was suspended horizontally 
under the frame which carries the gasolene 
engine and the compressor. It was 6 ft. long 
and 2 ft. in diameter with dished heads, the 
convex side of the head being outward at one 
end and the concave side outward at the other 
end, this being the too familiar practice just 
for convenience in riveting in the last head 
and for no other good reason. The air en- 
tered the receiver from the compressor about 
2 ft. from one end of it and at the central 
height, and the air was taken out at the other 
side just opposite the inlet, see Fig. 1. A 
pop safety valve on the pipe leading from the 
compressor was set at IIo lb, and the usual 
working pressure was about too |b. 

As disclosed after the explosion, the entire 








FIG. 3. 


END OF SHELL. 
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FIG. 1. PLAN OF RECEIVER. 


interior surface of the receiver was covered | 
apparently with all the oil it could carry. If “ 
the compressor runner had been told to use], 


all the oil he could, instead of as little as 


possible, the surfaces probably could not have |f 


been more oily. It would have been proper 


of course to have drawn off from time to] 


time all the oil and water which might have 
collected at the bottom of the receiver, and 
this may or may not have been done, but it 
evidently would not have made the surfaces 
clean or have freed them from the gummed 
or thickened oil with which they were coated. 

The condition of the inner surface (A, Fig. 
1) of the head which blew out, the head with 
the convex face inward, was as different from 
this as could be imagined. It was dry and 
absolutely clean, and the color and condition 
of it showed that it had been red hot. It was 
evident that a local fire had raged, perhaps 
only for a minute or so, on this then oil- 
coated surface, burning the oil off and sud- 
denly heating the plate, the fire not having 
had time to spread to the adjacent surface of 
the cylindrical shell, and then the explosion 
came. 

In the act of explosion several curious 
things happened which it is worth while to 
note carefully. The head became so hot that, 
as it was under about all the air pressure it 
could stand anyway, the dishing of the head 
was suddenly reversed, and the originally 
convex surface became concave, as Fig. 2 
shows, this being a view of the inner surface. 
That this is the inner surface of the head is 
corroborated by the lip at the edge of the 
sheet. The ridge which is dented across the 
face was evidently caused by something 
against which the head struck, presumably 
the axle of the machine, as it flew off. 

We can readily imagine that this reversal 
of the dishing of the head took place with 
considerable of a snap, the shock and momen- 
tum, in addition to the aggregated air pres- 




























FIG. 4. OTHER END OF RECEIVER. 


sure, 45,000 lbs., being sufficient to cause the 
head to let go. 

When it did let go not a single rivet was 
sheared. It will be noticed in Fig. 2 that when 
the reversal of the dishing of the head oc- 
curred and the tearing-away-act was going on 
the rivet-carrying lip of the head was bent 
outward all the way around, so that the oppo- 
site sides, instead of being parallel, stood off 
30 to 45 degrees from the normal position, the 
end of the sheet to which they were attached 
bending outward in the same way. See Fig. 
3. There-were 8o rivets, % in. diameter, and 
when the lip was bent out in this way these 
rivets just pulled their heads off, dropping 
them outside the shell all around, and then the 
rivets pulled out of the holes and the job was 
done. The fracture of the rivets was square 
across under the riveted heads and flush with 
the outside of the shell. Of the entire 80 rivets 
just 3 kept their heads on, and these took 
their leave of the shell by tearing notches out 
of it. 

When the head flew off the body of the re- 
ceiver naturally was driven in the opposite 
direction, but it could go only a few inches 
when it struck the axle of the machine which 
dented the head as seen in Fig. 4. Besides 
this the shell seems to have received no other 
damage. 

Undoubtedly receivers have often taken fire 
internally as indicated in this case, but having 
a sufficient factor of safety notwithstanding the 
heating of the metal, they have been able to 
stand the strain and no accident has resulted; 
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nevertheless the occurrence is one which it is 
not pleasant to think of, and every precaution 
should be taken to prevent it. The interesting 
question is as to the conditions causing or 
accompanying these ignitions of the oily sur- 
faces, and there is usually more or less of 
mystery made of this phenomenon when it oc- 
curs, ; 

My thoughts carry me back to what was 
one of the familiar operations of the shop 
when I was every day in it, and that was the 
oil tempering of steel springs. The spring is 
first heated in the fire to a bright red and then 
is plunged into oil and cooled. This leaves it 
hard and brittle and it is drawn to the proper 
temper by “blazing off.” To do this the spring 
while dripping with oil is held over the fire, 
which must be without flame, and is slowly 
and carefully heated until the oil on the spring 
bursts into flame. The oil is not ignited by 
the fire. There is no flame or spark from the 
fire that does it; the flame simply comes of 
itself, as we might say, when the spring reaches 
the right temperature. When the spring 
reaches this temperature the oil will keep burn- 
ing until the oil is burned off, or the spring 
while blazing may be dipped in the oil and the 
flame will go out, but if the spring is quickly 
drawn out of the oil the flame will “light it- 
self” again as before. There is a certain tem- 
perature at which the oil will ignite spon- 
taneously, and this temperature is so fixed, 
differing, however, for different oils, that it 
has been taken for generations as an index 
of the heat required for the tempering of 
springs, swords and other responsible articles 
of steel. 

Precisely the same thing that happens in the 
oil tempering of springs will happen to the oil 
coated surfaces of air receivers, pipes, etc., 
when they get hot enough. The oil will take 
fire of itself without the impulse of any spark 
or flame or other extraneous means of ignition. 
The oil-covered steel spring when the oil upon 
it takes fire in the open air is below a visible 
red heat, and that begins at about 700 degrees 
Fahrenheit. In the air receiver whose explo- 
sion we are here considering the temperature 
due to compression may have been as high as 
500 degrees. With air when compression be- 
gins at a temperature of 60 degrees the: theo- 
retical terminal temperature after adiabatic 
compression to 105 Ibs. is 496 degrees. This 
compressor was running in bright sunshine on 
a hot day and the intake air passed close to 








the already heated air receiver before entering 
the cylinder, so that its temperature at the be- 
ginning of compression was presumably above 
100 degrees and its terminal temperature above 
500 degrees. The fact that at this end of the 
receiver there was nothing to cause any active 
movement of the air in contact with the oily 
surface may have offered special opportuni- 
ties for the atoms of carbon and of oxygen 
to make love to each other and consummate 
their union. 

We must remember that with the air at 105 
IL., gage, it is compressed to 8 atmospheres, 
which means that the molecules—if that’s the 
word—of carbon in the oil are individually 
exposed to or in contact with 8 times the 
quantity of oxygen that they would be in con- 
tact with the air had only the normal pressure 
of 1 atmosphere, so that we may readily be- 
lieve not only that the oil would be ready to 
spontaneously ignite at a lower temperature 
but that it would also burn more fiercely after 
the ignition. 

There recently appeared in Mines and Min- 
erals, reprinted in COMPRESSED AIR MAGAZINE, 
June, 1912, an account of an ignition of this 
character, but without damaging explosion, 
in connection with a four-stage compressor 
employed for charging mine locomotives. 
The ignition occurred after the fourth stage 
of the compression, when the air was at a 
pressure of 65 atmospheres, and a recording 
thermometer which was providenially at- 
tached and in operation showed that the ig- 
nition took place at 270 degrees, which seems 
to corroborate our assumption that the higher 
the pressure the lower will be the tempera- 
ture at which spontaneous ignition will oc- 
cur. 

This article purposely avoids all discussion 
of the type of compressed air explosions, 
usually more forcible and destructive, caused 
by the firing of an explosive mixture of com- 
pressed air with some of the volatilized con- 
stituents of the lubricating oil, nothing of this 
apparently having occurred in the case here 
considered.—Power. 





The three deepest bore-holes in the world 
are now claimed to be in Prussia. One near 
Paruschovitz, in the Rybuik district, is 6573 
feet deep; one at Schubin, in the province of 
Posen, is 7052 feet, and a third near Czuchow 
is 7348 feet. 
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MEASURING AIR CONSUMPTION 


BY GEORGE H. GILMAN.* 


The science known as efficiency-engineer- 
ing is, in some of its aspects, merely the ap- 
plication of ordinary common sense to the 
problem at hand. When purchasing rock 
drills or hammer drills, for example, it is 
often desirable to conduct tests upon several 
makes or types, to determine their relative 
efficiency for the work in hand. One of the 
tests which it is important to make is that 
for air consumption, in order to arrive at 
the quantity of power used per foot of hole 
or per cubic yard of rock removed. This 
is a factor too often left to guesswork, or 
ascertained only roughly. 

Extended experiments have shown that the 
displacement tank method is as accurate as, 
and probably more reliable than, the special 
mechanical air meters which have been de- 
vised at various times. 


A satisfactory apparatus for this purpose 
is shown in the accompanying illustrations. 
It consists of two large vertical tanks, so ar- 
ranged that they may be filled with air at any 
desired pressure. The drill to be tested is 
connected to one of these tanks, the tanks 
are filled with air at the proper pressure, and 
the large steam pump, shown at the left 
of Fig. 1, is started. The height of water in 
the gage glass is noted, and the drill started 
working. The air pressure in the tank is 
kept constant by the admission of water from 
the pump. After a run of sufficient length 
to secure accuracy, the drill is stopped, and 
the height of the water in the gage glass is 
again noted. 

The increase in volume of the water in the 
tank is the amount of air used by the drill 
during the run, and from this the cubic feet 
of free air used per minute many be figured. 

Two tanks are supplied, so that one may 
be used while the other is being filled with 
air, thus allowing tests to be run over a con- 
siderable period of time. 

The sketch, Fig. 2, shows a type of dis- 
placement apparatus, at present used success- 
fully by various mining companies. This is 
much less expensive than the apparatus with 
pump and reservoir, and will meet the re- 


*Claremont, N. H. 


quirements of any mine or quarry to prac- 
tically as good advantage, although possibly, 
it 1s not quite as accurate. 

Two small tanks, say about two feet in 
diameter and four or five feet long, are con- 
nected together at the bottom by a pipe of 
good size, say three inches, and about half 
filled with water. Gage glasses for observing 
the water level are attached to each receiver. 
Out of the top of each receiver is brought a 
pipe and connected to a four-way valve. When 
the valve is set in the position shown by the 
full line, water in the right-hand tank will be 
forced into the left-hand tank by the air 
pressure, and the air in the latter tank will 
be driven out and passed through the four- 
way valve to the drill or other machine be- 
ing tested. When the water arrives at a 
definite point on the upper end of the gage 
glass on the left-hand tank, the four-way 
valve is quickly thrown to the position shown 
by the dotted line, when the process will be 
reversed and the air in the right-hand tank 
will be driven out and passed to the machine 
under test. By counting the number of times 
each tank is filled or emptied during a given 
interval of time, it will be seen without fur- 
ther explanation that the amount of air con- 
sumed by the machine under test can be de- 
termined by reducing to cubic feet of free 
air the volume of air under pressure which 
has been displaced. 


> . Required pressure to be 
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Sees 
8 
<5 V, 
— ~< % 





> 


—_ 
To Drill 











_——_——— 














FIG. 2. 




















COMPRESSED AIR MAGAZINE. ‘ 6511 











Ne Frere roll ie at 





FIG. 1. MEASURING AIR CONSUMPTION. 


A PNEUMATIC HELICOPTER 

An account of a new helicopter was recently 
presented to the Academie des Sciences by 
Messrs. Papin and Rouilly. They call it a 
“gyropter” and it is propelled by compressed 
air sent into the propeller sc as to drive the 
latter by its escape from nozzles at the tips 
£ the blades, about like the ancient zxolipyie 
or a rotating garden sprinkler. They claim 
that according to their tests the fault of other 
helicopters lies not in the great power needed, 
but in bad mechanical construction and multi- 
ple parts. What is unusual is that the pro- 
peller has but two blades, being imitated from 
the natural screw seen in the sycamore seed 
flyer. In the center of gyration is placed the 
car, and its angle with reference to the pro- 
peller can be varied by the pilot. Should the 
compressed air fail, the gyropter automatically 
takes a gliding position and falls very slowly. 
Forward movement in the air when flying is 
obtained by slightly inclining the axis so that 
the propeller drives the machine and also sus- 
tains it. A revolving-cylinder gasoline motor 
drives the air compressor which is in the 


shape of a blower mounted direct against the 
motor. 


(See opposite page). 
AIR FEED HAMMER DRILLS AND A 
LONG RAISE 
BY P. B. MC DONALD.* 


Considerable interest is manifested by 
Michigan iron men in the No. 2 shaft of the 
Rolling Mill mine at Negaunee. The shaft 
was started from the 620-ft. level last autumn 
and was raised to surface in five months by 
nine miners, three working on each 8-hour 
shift; they did their own timbering and 
trammed all the rock 750 ft. to shaft No. 1 
The difficulties of raising so great a distance 
were successfully overcome, and no accidents 
or long delays were encountered. 
ENLARGING RAISE FROM SURFACE DOWNWARD. 

The raise driven to surface was 8x8 ft., 
and this is now being enlarged to 12x14 ft. 
by working down from the surface, per- 


‘manent timbering being put in at the same 


time. In this work of enlarging, the same 
rock drills which were used in raising are 
employed; this application of stoping, air- 
feed, hammer drills to the work usually done 
by heavy reciprocating drills, is uncommon 

*Mining Engineer, 102 West Main Street, 
Negaunee, Mich. 
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and is accomplished by using 45° holes from 
below, to lift a 5-ft. cut, with the length of 
holes so gaged as to make the shaft of the 
required dimensions. On May 1, enlarging 
had been in progress for about two months, 
and the finished shaft was down 260 ft.; it 
was planned to take five months for raising 
and five months for finishing the shaft, and 
this schedule will probably be beaten. The 
work is under the direction of Capt. E. N. 
Cory, who has charge of underground opera- 
tions at the mine for the Jones & Laughlin 
Company. 
ARRANGEMENT OF HOLES. 


Fig. 1 shows the arrangement of holes for 
blasting, in driving the 8x8-ft. raise. The 
four holes numbered 1 are the cutting-in 
holes and the lengths of fuse were cut so that 
these would go first, and as nearly together as 
possible; the distance between the bottoms of 
the cutting-in holes was generally about 2 
ft. The four holes, numbered 2, would go 
next, and these were given a small angle to- 
ward the cutting-in holes in order that their 
bottoms would not have too much to break. 
Holes No. 3 went next, and these completed 
a clean opening across the raise. In succes- 
sion holes 4, 5 and 6 were fired, breaking 
easily into the opening made by the cutting- 
in holes and holes Nos. 2 and 3. All the fuses 
were lighted at once, the succession of ex- 
plosions being regulated by comparative 
lengths of fuse, as it was not convenient for 
the men to fire the cutting-in holes and then 
to return to insure that these had broken 
before firing the others, as is sometimes 
done in drifting. The rock for the most 
part was jasper, with occasional streaks 
of schist, dipping at rather a steep angle to 
the vertical; the ground, however, usually 
broke evenly, and little allowance was neces- 
sary for the dip. The arrangement of holes 
in the sketch shows 24 holes, for the usual 
cut; sometimes in hard ground more holes 
were needed to help the cutting-in 
while in soft ground it was possible to break 
the cut, using three holes each in sets Nos. 4, 
5 and 6, instead of four holes. 


DRIVING THE RAISE. 

Sketch No. 2 shows the method of crib- 
bing the 8x8-ft. raise, which was done by 
the miners. One 4x4-ft. compartment was 
used for a bucket for hoisting tools, timbers, 


holes, - 
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RAISE AT ROLLING MILL MINE, MICHIGAN 
etc., for which purpose there was a small 
hoist at the bottom of the raise in a sta- 
tion cut for that purpose. The other 4x4-ft. 
compartment was used for ladders and pipes. 
The ventilating current came up one 4x4-ft. 
compartment and went down the other, the 
fan for this purpose being stationed at the 
foot of shaft no. 1, 750 ft. away; the reason 
for placing it so far away was to insure get- 
ting pure air. The 4x8-ft. compartment was 
used for broken rock and was kept full, thus 
holding the cribbing firm. After blasting a 
cut, the miners trammed about 30 cars of 
rock from the rock compartment, drawing 
it off through a chute on. the 620-ft. level. 
This took about three hours, by which time 
the powder smoke would be gone and the 
men could go up to the face for timbering. 

Just before blasting, a platform of 1o-in. 
timber, squared on two sides, was laid across 
the two 4x4-ft. compartments, at an angle to 
deflect the falling rock into the rock compart- 
ment. A small opening was left in the I0- 
in. platform to permit the man who lit the 
fuses to escape through the raise. About 


four-fifths of the broken rock from the ex- 
plosion fell into the rock compartment, be- 
cause the cutting-in was paced over the rock 
compartment and the material shot directly 
downward; and the ground broken by holes 
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Nos. 4, 5 and 6 was thrown sidewise toward 
the cutting-in. 

The surface soil was but a few feet thick 
over the shaft site; this was cleared away, 
but practically no sinking was done to meet 
the raise. When about 15 ft. below the rock 
surface, a smaller size raise was driven up a 
short distance, and drill holes put up and 
loaded heavily with powder, which, when 
fired, broke the raise through. 

ENLARGING THE SHAFT. 

Fig. 3 shows the unique method of en- 
larging the shaft, by which the same stop- 
ing air-feed hammer drills that were em- 
ployed for raising, were utilized. These drills 
are butterfly valve, 2-in. cylinder, Ingersoll- 
Rand, B C 21 machines. The holes are put 
in at an angle of 45°, which is enough slope 
to allow the rock chippings to fall out. The 
length of the holes is so gaged as to make 
the enlarged shaft of the proper dimensions, 
and the rock usually breaks satisfactorily; 
only occasionally is it necessary to put in a 
pop shot, after a blast, to even up the walls. 
In such a case, the ordinary practice of plac- 
ing holes is to use down holes, drilled ver- 
tically, perhaps 3 ft. apart. These holes could 
be drilled by reciprocating machines, mounted 
on tripods or long bars, or could be drilled by 
small plug drills, with hollow steel for blow- 
ing or washing out the rock cuttings. The 
objection to using reciprocating machines and 
tripods or bars is that they are heavy to 
handle in getting out of the way for blasting; 
also down holes often cause trouble in get- 
ting the rock chippings out. The last argu- 
ment applies to the use of plug drills as well. 
It is probably faster drilling, per foot, with 
air-feed hammer drills at a 45° angle, with 
the rock chippings falling back out of the 
way, than to drill down holes with their lia- 
bility to give trouble from drill steel getting 
stuck, 

The footage to be drilled, using 45° holes 
to enlarge an 8x8-ft. opening to 12x14 ft., is 
probably less than with vertical holes. ~The 
platform made by pufting timbers across the 
top of the cribbings gives a convenient place 
for the men to stand. Furthermore, the air- 
feed hammer drills were at hand, ready to 
use, and the same nine men that drove the 
raise are now enlarging the shaft with the 
same drills. The broken rock is trammed to 
shaft No. 1 by trammers. There is a little 
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trouble in the shaft at present, due to an un- 
usual flow of water, much of which comes 
from the spring break-up on surface. Car- 
bide lamps are found to be more reliable than 
candles. Washington fir is used for the per- 
manent timbering—Engineering and Mining 
Journal. 
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COMPRESSED AIR FOR RAISING 
WATER -—II 


BY FRANK RICHARDS. 


Naturally, the first arrangement thought of 
when it is proposed to use compressed air for 
raising water is that in which the water is 
displaced volume for volume by the air, this 
air being compressed to a pressure correspond- 
ing to the height of the lift, and this scheme 
has been worked up in a great variety of ways 
but with little variation of result. 


DIRECT DISPLACEMENT PUMPS. 


Fig. 1 shows diagrammatically a pumping 
apparatus of this type. The submerged cham- 
ber here shown is assumed to have been filled 
with water and this water is now being ex- 
pelled by air pressure. The air comes direct 
from the compressor, passes the three-way 
valve and enters the top of the chamber, its 
pressure driving the water up.the vertical pipe 
at the right. When the water is all expelled, 
the three-way valve is changed to the other 
position, shutting off the compressed air and 
opening communication between the interior 
of the chamber and the atmosphere and allow- 
ing the air to escape. Then the valve in the 
water pipe at the upper right-hand corner of 
the submerged chamber closes by its own 
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weight and the pressure of the water above it, 
and the water rushes into the chamber through 
the valve at the bottom. A reversal of the 
three-way valve to the position shown puts the 
compressed air at work again and the content 
of the chamber is expelled as before, and so 
on. The three-way valve is usually operated 
by a float, making the operation automatic. 
There are generally two of these displacement 
chambers, which work in connection, the same 
valve-operating mechanism serving for both, 
and thus as one is filling while the other is 
discharging, the water flow is almost continu- 
ous. 

It is well understood that the displacement 
pump does not use the air to good advantage, 
but for economy it is still much better than 
the air-driven, direct-acting pump. There is 
no friction of reciprocating parts and the 
clearance losses are very small, so that instead 
of the 20 and 20 per cent., which is allowed 
for the direct-acting pump, a single Io per cent. 
will fully cover these items, leaving at this 
stage 90 per cent. instead of 64.. The loss for 
the same pressures in not using the air expan- 
sively would, of course, be unchanged, and 
therefore the 34 per cent. which was assumed 
would still apply, and 34 per cent. of 90 being 
30 there is 60 per cent. efficiency for the dis- 
placement pump instead of the 43 per cent. of 
the air-driven, direct-acting pump, and 57 per 
cent. instead of 41 per cent. when the air leaves 
the compressor. 

The economy of the displacement pump is 
much better where the lift is small, which 
makes it specially applicable for transferring 
sewage and similar service, especially as the 
water may be loaded with a large proportion 
of solids and semi-solids without impairing its 
action. 

RETURN-AIR PUMPING. 

The progress of invention in any line seems 
to be one of gradual but continuous revelation 
and development. Every device, so that it will 
work at all, seems to have a right to be com- 
pletely tried out, and to have all its possibilities 
and its defects revealed before it can expect 
to be and actually is displaced by something 
better. 

When the _power-wasting and otherwise ob- 
jectionable direct air-pressure, water-raising 
apparatus has had its every chance and has 
been found wanting, then, and not until then, 
comes another device which is at once hailed 


as just what is needed. The principle of it is 
at once self-evident, and its perfect success 
when applied requires no practical demonstra- 
tion. 

This is the return-air system of com- 
pressed-air pumping. Its operation, in con- 
trast to that of the direct-displacement pump, 
is that while the old pump will take all the 
air that is given to it for raising and deliver- 
ing a given weight of water, and will return 
absolutely nothing of what it receives, this 
new device will take only the pressure and 
volume of air which exactly pays for the 
work done, and, so to speak, it returns all 
the change. 

The whole thing can be simply explained, 
the diagrammatic sketch in Fig. 2 perhaps 
assisting. It must be premised that a re- 
turn-air system is not a cheap and handy 
little device ready to go, for instance, 
wherever a steam pump might be employed, 
and to do the same work; it is intended for 
large and permanent installations, each plant 
being complete in itself and doing no other 
work. 

THE APPARATUS USED. 


There is, first of all, an air compressor 
whose entire business it is to operate the 
one pump, the capacities of the pump and 
compressor being adapted to each _ other. 
There is nothing special about the compres- 
sor except that it is a single-stage, recipro- 
cating machine, and it, of course, may be 
driven by any-available style of power trans- 
mission and application. 

The pumping part of the apparatus consists 
of two similar chambers to be alternately 
filled with water and emptied by the expul- 
sion of the water to the level required. 
These chambers are submerged in the water 
to be pumped, or at least are located near 
and below the lowest working level of it, so 
that the water will always be able to flow 
into either chamber by gravity. The com- 
pressed air is conveyed to the pump from 
the compressor by separate pipes to each wa- 
ter chamber, and each pipe also leads the 
air, after its work of water expulsion is done, 
back to the air intake of the compressor. It 
is thus a closed system, and the same air 
is used over and over again, provision being 
made for continually replacing the little that 
may be lost by leakage or by absorption in 








} 
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the water. The valve arrangements are 
clearly shown in Fig. 2. 
OPERATION. 
Assume that the pump is actually at work, 
that one of the chambers is full of water, 
with sufficient air pressure flowing in at the 


"top of the chamber, exerting its pressure upon 


the water and driving it through a retaining 
valve and up a water pipe to the point of de- 
livery. 

Thus far the operation is precisely the same 
as with any displacement pump, and. when the 
water is all, or nearly all, driven out the 


chamber is full of air at the pressure re- 


quired and determined by the height of the 
water delivery. The regular operation by the 
old way would now be to close the communi- 
cation with the compressor and to open an- 
other to the atmosphere, allowing the air, 
expanding as it goes, to escape without doing 
any more work and leaving the chamber filled 
with air at normal atmospheric pressure. Wa- 
ter is then allowed to flow in and to fill the 
chamber again, which drives out the re- 
mainder of the former charge of air, and 
this chamberful of water is driven out and 
up by another charge of full-pressure air 
as before, and so on. 

With the return-air system, however, the 
air is not let off so easily, but is retained to 
do a lot more work. The air is discharged 
from the water chamber and up the air pipe 
which, by the action of an automatic or a 
positively operated switch, is now in con- 
nection with the intake instead of the dis- 
charge of the compressor, and whatever pres- 
sure this air may have is thug always being 
exerted upon the intake side of the com- 
pressing piston, and the pressure upon this 
side overcomes an equal amount of resistance 
upon the compressing side of the piston, or 
it deducts just so much from the total power 
required to drive the piston and to do the 
work of recompression. 

Using the air in this way, its entire expan- 
sive force is retained upon the credit side 
of the system. Expansion continues until 
the air pressure is lower than that of the wa- 
ter which is waiting to enter, the difference 
of these pressures depending upon the speed 
at which the system is being driven, and then 
the water enters and drives the remainder of 
the air into the compressor intake at this 
pressure instead of letting it further expand, 


and thus raises the total mean effective as- 
sisting pressure at the back of the piston 
above that which would have resulted from 
the expansion alone. 

Each return-pipe installation is an individu- 
ality, with special conditions to be satisfied 
and calling for special sizes and capacities, 
both relative and actual. The system is ad- 
vantageously applicable to both extremes ot 
the possible range of practical requirements, 
and to all between. 


CONSTANT LIFT SYSTEM. 


Where the lift is practically constant, as in 
raising water from a lake or river to a 
water-works reservoir, the compressor and the 
pump may be so adapted in capacity as to 
ultilize all the expansive force of the air 
with comparatively little of the follow-up 
pressure from the water, but still with the 
highest possible ultimate efficiency and econ- 
omy. In any case, as the compressor is in 
immediate touch with its work there is no 
loss from overcompression or from compress- 
ing above the actual requirement, as is often 
the case with the direct-displacement sys- 
tems. 

VARIABLE LIFT SYSTEM. 


If the return-air system is employed where 
the level of the water intake has a consider- 
able variation of height, as in emptying a 
large, deep shaft of a mine, the follow-up 
pressure of the water in refilling the oper- 
ating chambers will vary constantly with the 
water level, and at all levels will approxi- 
mately adjust the work of the compressor 
according to the actual water lift at the time; 
and, although the water must always be lifted 
under the full actual head at the time, and 
with the requisite over-balancing pressure for 
the expelling air, the compressing of the air 
to that pressure will require little or much 
power according to whether the return, or 
intake, pressure at the compressor is much 
or little, corresponding to the height of the 
water supply. With the direct displacement, 
and no return of the air, there would be none 
of this compensation, either from the re- 
expansion of the air or from the follow-up 
pressure of the incoming water, and all the 
water lifted, whether the level of the sup- 
ply was high or low, would require the maxi- 
mum and entirely uncompensated pressure to 
raise it. 
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AN EXAMPLE OF APPLICATION. 


There was a case where it was necessary 
to provide, and to have constantly ready the 
means of emptying a shaft of considerable 
area, more than 300 ft. deep and normally 
full of water, with a tunnel at the bottom of 
the shaft also to be emptied. This will be 
recognized at once as a problem easy enough 
of solution, in a way, but not so simple when 
speed and economy were to be considered. 
There had been actually installed for this 
work a hoisting engine and a large cylindrical 
bucket, say 4 ft. in diameter and 12 ft. long, 
to be successively filled, hoisted and emptied. 

This might strike one as a rather primi- 
tive arrangement, but it had at least the merit 
of using the power with reasonable economy. 
The varying height did not at all affect the 
weight of the bucket of water, and the power 
consumed was therefore always directly as 
the height, and with engines showing good 
steam economy the arrangement was not 
wasteful of power. This bucket arrangement 
was actually used for emptying the shaft and 
tunnel once and it worked all right, but 
nevertheless it was superseded by the return- 
air system, which could show good power 
economy and could do the required work in 
much less time, which in this case was the 
all important consideration. 

The shaft here spoken of is known as shaft 
25 of the “new” Croton aqueduct, and the 
tunnel is the portion of the aqueduct which 
crosses under the Harlem River, 300 ft be- 
low its surface, near Washington Bridge, New 
York City. 


VALVE ARRANGEMENT AND OPERATION. 


In the foregoing outline of the operation of 
the return-air system reference has been made 
only to the action in one submerged operating 
chamber. It is understood that there are two 
similar chambers operated alternately, one fill- 
ing while the other is emptying, so that the 
lifting is practically constant. The four-way 
valve or switch, as it is called, for reversing 
the connections of the two pipes at the proper 
times is operated in different ways according 
to the work. For a straight, steady water- 
works job the switch may be operated me- 
chanically, tripping one way or the other for 
each given number of revolutions of the com- 
pressor; it may be operated automatically by 
the fluctuations in the level of the water sup- 
ply, and it may also always be operated by 
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hand. It is not necessary to completely fill 
either chamber before reversing because the 
unused pressure is not lost in any case, and 
there is nothing corresponding to the clearance 
losses in the direct-pressure ejection system. 

The actual installations of the return-air 
pumping system already show a wide and in- 
teresting range of successful employment; 
what the device needs most of all is to be 
better known. It seems to decline no job 
which is possible by any system, and it works 
for the lowest air output, and is especially suc- 
cessful in many lines which are not permissible 
to the formal mechanical devices. It pumps, 
for instance, water which is so charged with 
solid matter that it can only be called semi- 
liquid. It is in some cases regularly employed 
for conveying the solids so contained, as sand 
or marl, the mixture when so raised going to 
settling tanks where the water is allowed to 
flow off, leaving the solid portion to be shovel- 
ed or otherwise handled and conveyed wher- 
ever required.—Power. 





SCIENTIFIC MANAGEMENT 

A certain superintendent of one of the large 
eastern contracting companies, who was es- 
pecially fine on running his business scientific- 
ally, found a railroad spike while walking over 
the work. Picking it up, he hastened to the 
foreman, and the following conversation took 
place: 

Superintendent: “John, I found this spike 
on your section of the work. Why was it left 
there ?” 

Foreman: (Removing his hat and scratching 
his head) “Did you find that spike?” 

Superintendent: “Yes, right there alongside 
of that dinky track, and I want to know why 
it was there.” 

Foreman: “Well, that certainly is funny.” 

Superintendent: “Funny, I don’t see any- 
thing funny about it.” 

Foreman: “Funny, yes, very funny, I can’t 
understand it for the life of me.” 

Superintendent: (About getting hot under 
the collar) “Look here, you. If there is any- 
thing funny about my finding this spike, I do 
not see it, and what is more, I want no such 
further remarks. Why was that spike there?” 


Foreman: “I say it’s funny, because my tally 
sheets showed that very spike to be missing, 
and although I had three of my best men hunt- 
ing for that spike two days, they failed to find 
it."—Adapted from Steam Shovel and Dredge. 
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FIG. 1. COKE-OVEN-GAS NITROGEN PLANT. 


ATMOSPHERIC NITROGEN BY THE 
AID OF COKE OVEN GASES 

Several methods have been proposed for 
recovering nitric acid from atmospheric ni- 
trogen, in addition to the electric process 
worked in Norway by water power. That 
of Hausser produces nitric oxide by the ex- 
plosive combustion of coke-oven gas. After 
numerous experiments on a laboratory scale, 
an apparatus for practical use has been con- 
structed at Nuremberg by the Dentsche 
Stickstoffindustrie G.m.b.H., on the lines 
shown in plan in Fig. 1. Here, a is a com- 
pressor with 10-in. cylinder and 12-in. stroke, 
driven by a motor, b, compressing town gas 
to 60 Ibs. per sq. in., and delivering it into a 
pressure chamber, c. The air of combustion 
is furnished by a two-stage compressor, d, 
with 18-in. stroke, driven by the motor, ¢, and 
capable of compressing 31,800 cubic ft. of air 
to 90 Ibs. per sq. in. The fluctuations in pres- 


sure are compensated by means of an ac- 
cumulator, f. To increase the yield of nitro- 
gen, the air of combustion is heated by a 
furnace, g, fired with gas from a small pro- 
ducer, h, and oxygen is mixed with the air 
from a gas-holder, 7. The bomb, &, in which 
the explosion is produced has a capacity of 
3% cubic feet., and, as shown in Fig. 2, con- 
sists of a cast-steel cylinder with hemispheri- 
cal ends and provided with a water-cooled 
jacket. The valves are operated by the mo- 
tor, b. 

The products of combustion are passed 
through a coil in the cooling tank, /, where 
the contained moisture is deposited, the 
cooled gases then passing to the oxidising 
tower, m, and finally escaping through the 
terminal tower, , into the air. It is found 
advisable to scavenge the bomb with air, 
forced in at a low pressure by a compres- 
sor, 0, through an accumulator, p. In work- 
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ing without any preliminary heating of the 
air of combustion, or any addition of oxy- 
gen, the initial pressure of 27 Ibs. per sq. in 
increases in one-tenth of a second (at the 
moment of explosion—which is effected by 
means of a Bosch magneto) to about 210 lbs. 
per sq. in., and remains thereat for about one- 
sixth of a second, during which period the 
chief production of nitric oxide takes place. 
The expansion lasts a quarter of a second, 
so that about half a second is required for 
explosion and exhausting. The temperature 
corresponding to this explosion pressure is 
about 1,350 deg. C. The gas used contains 
44 per cent. 
methane, 14 per cent, of carbon monoxide, 
4 per cent. of other hydrocarbons, 3 per cent. 
of carbon dioxide, 1 per cent. of nitrogen, 
and 8 per cent. of exygen, and therefore ap- 
proximates coke-oven gas in composition. Its 
minimum calorific power is 4,330 cal. per cubic 
metre of gas at zero C., and 30-in. pressure. 
With low initial pressure (14% lbs. per 
square in.) the average yield of nitric acid 
is 4 grammes per cubic metre (35.3 cubic ft.) 
of exhaust gas, or 35 grammes per cubic 
metre of original gas. Doubling the initial 
pressure, however, raises these quantities to 
6—7 and 55 grammes respectively, whilst 
trebling the pressure gives Q—IO grammes 
and 80 grammes respectively of nitric acid, 
owing to the more intimate juxtaposition of 
the molecules of gas and air, and to the high- 
er combustion temperature (1,450—1,550 deg. 
C.). There is every reason to suppose that 
a further increase in pressure would give a 
still higher yield of oxides of nitrogen. An- 
other way of accomplishing the same object 
consists in heating up the air of combustion be- 
forehand, experiments with air heated to 250 
—300 deg. C., and intial pressures of 28—56 
Ibs. per square in. having given combustion 
temperatures of 1,600—1,700 deg. C., and a 
yield of 80—125 grammes of nitric acid per 
cubic metre of- gas. Under these conditions 
the explosion pressure increases more rapid- 
ly, is maintained longer, and then sinks more 
quickly than when cold air is used, which 
phenomena favour the production of oxides 
of nitrogen and retard their decomposition. 
The air could be still further heated without 
expense, when working on a large scale, by 
means of the effluent gases, which have a 
mean temperature of about 1,000 deg. C.; and 


of hydrogen, 26 per cent. of, 
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FIG. 2. 


the resulting cooling of these gases would 
bring with it the additional advantage of 
lessening the tendency to decomposition on 
the part of the nitrogen compounds. 

A third means of increasing the yield of 
nittic acid is by the addition of oxygen to 
the air of combustion. The oxygen (08 per 
cent. pure) is transferred from the cylinders 
into a gas-holder, and passed thence through 
a meter to the intake of the compressor. 
With an initial pressure of 43 lbs. per square 
in. of cold air and 33—34 per cent. of added 
oxygen, the yield of nitric acid obtained was 
130 grammes per cubic metre of gas, or an 
increase of 60 per cent. in comparison with 
the corresponding results without added ‘oxy- 
gen. Absolute purity not being essential for 
the oxygen, it could be produced by the 
Claude process at less than $0.025 per 100 
cubic ft. Assuming the nitric acid to be con- 
centrated to 94 per cent., at a cost of $0.625 
per cwt., the increased yield obtained by add- 
ing oxygen will be worth about double the cost 
of the oxygen employed, and will exceed the 
latter by about 50 per cent. if the product is 
worked up into the less valuabe calcuim ni- 
trate; so that, provided the oxygen can be 
produced on the premises in large quantity, 
its application is profitable in all circum- 
stances. 


In all the experiments it was found that, 
once the plant had been set to work with 
definite quantities of gas, air, and oxygen, and 
at a definite number of explosions per unit of 
time, the explosion pressure remained approx- 

















imately uniform in all cases, the yield of nitric 
acid being consequently also regular. From 
the results already obtained, it seems justifi- 
able to assume that, with an initial pressure of 

2 lbs., the addition of 33 per cent. of oxygen, 
and with air heated to 250—300 deg. C., the 
yield of nitric acid per cubic metre of gas can 
be raised to more than 200 grammes (about 
1% Ib. per 100 cubic ft. of gas). 

With regard to the recovery of nitric acid 
from the nitric oxide obtained, this has not 
yet been carried out at the experimental plant, 
but, judging from the practice at the electrical 
nitric acid works at Notodden, where gases 
containing I per cent. of nitric oxide are suc- 
cessfully treated, there does not appear to be 
any difficulty about this stage of the process, 
since, under the last-named conditions of gen- 
erating the oxide, the gas will contain the 
above percentage. At the works in question, 
the gas is passed through scrubbing towers, 
where the nitric oxide combines with water to 
form nitric acid; and as the weak acid liquor 
from one tower is passed through the others 
in succession, the acid is concentrated to a 
strength of 33—34 per cent.. For making cal- 
cium nitrate, this acid is neutralized with lime- 
stone, whilst for making commercial acid it is 
concentrated and distilled. 

The commercial possibilities of the Hausser 
process, when applied to the surplus gas (about 
50,000 cubic metres in 24 hours) of a battery 
of 40 modern coke ovens, are indicated by the 
following estimates. The experience already 
acquired demonstrates that, in this process, gas 
with a calorific value of about 4,300 units, re- 
quires about five times its own volume of air 
and 33 per cent. of added oxygen (both com- 
pressed to about 75 lbs. per sq. in. pressure in 
separate compressors), in order to obtain a 
minimum yield of 200 grammes of nitric acid 
per cubic metre of gas. The bomb has to be 
scavenged out with a quantity of air corre- 
sponding to one-fifth the volume of air re- 
quired for combustion, so that the compressor 
plant would have to deal with 314,000 cubic 
metres of air, 50,000 cubic metres of gas, and 
16,000 cubic metres of oxygen (compressed to 
75 lbs. per sq. in.) in 24 hours. This task could 
be performed by three sets of compressors 
(two for continuous use and one in reserve), 
namely, three air compressors with a capacity 
of 7,000 cubic metres per hour; three gas com- 
pressors, capacity 1,000 cubic metres per hour; 
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and three oxygen compressors, capacity 350 
cubic metres per hour (all measured at the 
intake). The coke-oven gas should preferably 
be stored in a gas-holder to equalize the pres- 
sure, the same result being obtained for the air 
and oxygen by means of wind chests. The 


‘capacity of the bombs may be about 300 litres 


(10.5 cub. ft.), and the number of ignitions 50 
per minute; so that for the plant under con- 
sideration, with air heated to 300 deg. C., six 
bombs would be required. The preliminary 
heating of the air can be effected by passing it 
through coiled pipes mounted in the flues of 
one or more boilers, which flues will be con- 
nected with the exhaust of the bombs. The 
low-pressure steam thus raised in the boilers 
can be utilized for heating purposes. 

The condensing plant will comprise two oxi- 
dation towers, six absorption towers, two 
nitrate towers, pumps, acid store, concentrating 
appliances, dissolving and crystallizing tanks 
and a crushing mill. The cost of land and 
buildings may be set down at $25,000, that of 
the compressing and generating plant (includ- 
ing boilers, pipes, travelling crane, etc.) at 
$137,500, and the condensing and concentrating 
plant at $100,000, the oxygen plant costing 
about this latter sum, so that the total capital 
outlay required would amount to $362,500. 
Assuming a consumption of about 1 lb. of 
steam for compressing 100 cubic ft. of air, gas, 
and oxygen (measured at the intake), the an- 
nual cost of steam would be $40,000; oil, clean- 
ing material and lighting, $4,500; oxygen, 
$39,250; concentrating 3,500 tons of acid, 
$43,750; labor and salaries, excluding the oxy- 
gen plant and concentration plant, $10,000; re- 
pairs, $7,500; general expenses, taxes, etc., 
$15,000; depreciation of plant (10 per cent.), 
$26,250; a total of $186,250. 

Allowing 5 per cent. for loss of acid in the 
condensing plant, the net yield would be 190 
grammes per cubic metre of gas, or 3,320 tons 
of nitric acid per annum, which, at $100 per 
ton, would furnish an income of $332,500 gross, 
the net surplus, after deducting all expenses, 
being $146,250, equivalent to about $0.025 per 
100 ft. of gas treated. With coal at $2.50 per 
ton and of a heating value of 7,500 cal., the 
gas would cost rather less than $0.005 per 100 
cubic ft., and in comparison with its value for 
steam raising, the production of nitric acid 
would show a profit of about $113,750, or 31 
per cent. on the capital expenditure. There 
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would, however, be some difficulty in disposing 
of such a large production of nitric acid, as 
such, without affecting the price, and therefore 
the bulk of the output would have to be work- 
ed up into fertilizing salts, such as nitrate of 
lime, for which there is always a good demand. 
The recovery of this salt is less expensive than 
that of concentrated acid, the cost of concen- 
tration ($43,750) being saved, whilst the gen- 
eral expenses would also be about $10,000 less. 
Limestone, with about 98 per cent. of CaCO,, 
can be bought for about $0.95 per ton, the 2,700 
tons necessary for treating the whole 3,320 
tons of nitric acid thus costing about $2,500. 
The total cost of production would be approx- 
imately $135,000, instead of $186,250 in the case 
of concentrated-acid. Valuing the nitrogen on 
the same basis as that in sulphate of ammonia, 
the nitrate of lime would be-worth a price 
equivalent to $72.50 per ton of nitric acid, and 
this would mean a total selling value of $240,- 
000; that is to say, a profit of $105,000 per 
annum. In comparison with the value of the 
coke-oven gas for steam raising, this return 
would be equal to an advantage of about 20 
per cent. on the capital outlay. By combining 
the production of concentrated nitric acid and 
of nitrate of lime, an average net profit of 25 
per cent. could be obtained. 

While the profits at first sight do not seem 
to be large in comparison with those of the 
sale of coke-oven gas for lighting purposes, 
it should be remembered that the gas has 
to be enriched for this latter use, the benzol 
cannot be recovered, and the cokery has to 
be managed with particular care, heavy out- 
lay being also required for. gas-holders, 
mains, etc., whereas all the surplus» cokery 
gases can be utilised in the Hausser process, 
after being deprived of their valuable by- 
products. For the coal industry the process 
offers the advantage of converting the sur- 
plus gases into a valuable end product on the 
spot, and there is no intereference with the 
sale of coal to gasworks. Similar consider- 
ations apply where coke-oven gas is utilised 
for generating electrical energy for sale, and 
the plant has to be partially closed down at 
certain hours when the demand for electric- 
ity is relatively small. Even, however, if the 
economic superiority of the process were far 
smaller than it is, it would still be valuable 
for utilising the enormous quantities of sur- 


plus gas now available. How great these 
quantities are may be gathered from Liir- 
mann’s estimate that, in the Dortmund dis- 
trict alone, they amount to 63,570 million 
cubic ft. yearly. 


The employment of coke-oven gas, more- 


“over, does not exhaust the possibilities of the 


process, which may also probably be applied 
to the utilisation of tar oils, now that these 
can be gasified. Another suitable raw ma- 
terial for the process is to be found in very 
ashy gas and bituminous coals, which do not 
pay to wash owing to the amount of loss, and 
are therefore left unworked. Such coals 
might be retorted, either alone or mixed with 
gassy waste from the classifying plant, the 
gas being employed for nitric acid making. 
The producers for carrying on the operation 
could be of a duplex type, the gasification and 
coking being effected in the upper portion, 
thus forming rich gas, which could be treated 
separately for the recovery of by-products 
and then, in some cases, mixed with the pro- 
ducer gas from the lower portion of the ap- 
paratus, the mixture being used for the 
Hausser process. The bulk of the producer 
gas, of low calorific power, but also low in 
tar, could be purified and employed in gas 
engines furnishing the motive power for the 
nitrogen and oxygen plants. Whether this 
is a commercial proposition, however, could 
not be decided without actual trial; but if it 
should turn out a success, it would enable a 
number of now unworkable coal seams to be 
worked, and thus eke out the national coal 
supplies considerably. 

The amount of motive power required for 
the process is comparatively small, and there- 
fore the capital outlay needed is less than that 
for generating electricity from water power. 
The process can be carried out in industrial 
centres, and therefore close to the market for 
the final products, whereas the nitric acid 
produced by means of water power and elec- 
trity has to be transported for long distances 
to reach the centres of consumption. Finally, 
the process would bring the manufacture of 
the chief nitrogenous fertilizers entirely into 
the hands of the coal industry, viz., sulphate 
of ammonia for autumn use and nitrate of 
lime for spring top-dressing. 
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FIG. 


THE SAND BLAST IN A MODERN 
FOUNDRY 

The Foundry for July has an elaborate de- 
scription of the new foundry of the Taylor & 
Boggis Foundry Company, Cleveland, Ohio. 
This is an extensive plant devoted to the 
manufacture of gray iron castings and build- 
ers’ hardware, embodying the latest ideas and 
employing the latest facilities in all de- 
partments, and quite naturally compressed 
air is an important and responsible feature. 
The electric drive is employed in the power- 
house, a 150 horsepower General Electric mo- 
tor driving a twin cylinder air compressor of 
1,350 cubic feet per minute free air capacity 
at 35 lb. pressure, all this air being used for 
the sand blast equipment. Then there is a 
two-stage high pressure compressor with a 
capacity of 450 cubic feet of free air-per min- 


ute compressed to 100 lb. for the molding ma- | 
chines, the chipping hammers and the air ig 


hoists. 

We can speak here only of the sand blast 
equipment, which is unusually complete. It 
comprises five sand blast tumbling barrels and 
a sand blast room for cleaning large castings. 
Provision has been made for the installation 
of a second room of this type. The sand 
blast barrels are shown in Fig. 1. The bar- 
rels are belt driven by a motor on a platform 
at one end of the department. The separa- 








tors, blowers and exhaust fans, seen in Fig. 
2, are on a mezzanine floor, the fans being 
driven by individual motors. The steel plate 
sand blast room is illustrated in Figs. 3 and 
4. An extension of the industrial track passes 
through the center of the room which has 
double doors at each end. 

Castings are delivered to this room on flat 
cars, and after being sand blasted they are 
conveyed to the cleaning room, Fig. 5, for 
subsequent chipping operations. The floor is 
perforated and the sand falls into a hopper 
from which it is exhausted, and after being 
cleaned and separated it is again delivered 
to the sand blast room for further usé. The 
lighting of this room is unique. Being en- 














FIG. 3. 


tirely enclosed on all sides by steel plates, 
light is admitted through the roof, which is 
of glass. Four electric arc lamps are sus- 
pended above the roof so as to project their 
rays directly into the.sand blast room. Four 
of the sand blast tumbling barrels, as well 
as the steel sand blast room, were installed 
by the Tilghman-Brooksbank Sand _ Blast 
Company, Philadelphia, and one sand _ blast 
barrel was furnished by the New Haven 
Sand Blast Company. 








FIG. 5. 


REGULATION OF POWER DRIVEN 
AIR COMPRESSORS 


BY LUCIUS I WIGHTMAN. 


Since the power driven air compressor is 
almost always a constant speed machine, the 
methods employed in regulating and govern- 
ing direct steam driven machines evidently can- 
not be employed. Constant speed means con- 
stant displacement, and the problem of deliv- 
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FIG. 4. 


ering a variable volume of air with constant 
piston displacement becomes one of making a 
portion of that displacement noneffective in 
the compression and delivery of air. Only the 
fundamental principles of several methods of 
accomplishing this will here be discussed. 

The first method is really one of unloading 
rather than of regulating. A pressure con- 
trolled mechanism is arranged so that when 
pressure exceeds normal, due to excess of de- 
livered volume over demand, a corhmunica- 
tion is opened between the two sides of the 
compressing piston. Usually this is accom- 
plished by opening and holding open one or 
several of the discharge valves at both ends of 
the cylinder, the air then simply swéeping 
back and forth from one side of the piston to 
the other through the open valves and the air 
discharge passage. When normal pressure is 
restored, the valves are automatically closed, 
and compression and delivery are resumed. 
Evidently this is practically a total unloading 
of the machine for a longer or shorter period 
—a sudden release from load and a sudden 
resumption of load. 

Another method provides, by means of a 
pressure operated device, for the partial or to- 
tal clositig of the compressor intake under re- 
duced load. To avoid the dangers attendant 
upon such an operation acting suddenly, these 
devices are provided with some damping 
mechanism so that they are compelled to oper- 
ate slowly, making the release or resumption 
of the load gradual. Cutting down of the air 
intake results in a rarification of the air enter- 
ing the cylinder, and a greater range between 
initial and discharge pressures, with a corres- 
ponding increase in the range of temperatures. 
This method of regulation, therefore, is not 
suitable for very great load variations; nor is 
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it recommended for such conditions by the 
builders responsible for it. 

The third method is very similar to the first, 
except that here the inlet valves, instead of the 
discharge valves, are held open when the ma- 
chine is unloaded, the piston thus simply draw- 
ing in and forcing out air at atmospheric pres- 
sure. It is open to the same criticism (though 
in somewhat less degree) as the first method, 
namely, undue shock and strain on release and 
resumption of load. 

The fourth method uses a_pressure-con- 
trolled valve on the compressor discharge of a 
single stage machine, combining also the func- 
tions of a check valve to limit the escape of 
air from the receiver or air line. Excessive 


pressure blows the discharge to atmosphere, | 


instead of into the line. This arrangement is 
also used on two-stage machines by placing 
it on the low-pressure discharge to the in- 
tercooler. Then, when the governor valve is 
opened by excess pressure, the low-pressure 
cylinder discharges to atmosphere, and the 
high-pressure cylinder acts simply as a low- 
pressure cylinder with intake at atmospheric 
pressure. This device is more of a relief valve 
than an unloader, for the piston must continue 
to compress to a pressure which will open the 
discharge valve; and this volume of com- 
pressed air, with its power equivalent, is 
wasted. 

Yet another method of regulation provides 
auxiliary clearance spaces, or pockets, at each 
end of the cylinder, which are successively 
“cut in” as load diminishes. The excess air is 
simply compressed into these clearance spaces 
and expanded on the back stroke. The. capac- 
ity of the cylinder is reduced without any ap- 
preciable waste of power, for the energy used 
in compressing the clearance air is given back 
by its expansion. 

On power-driven compressors with Corliss 
intake valves, several different methods of un- 
loading or regulating are used. By one meth- 
od, the Corliss valve is held open for the full 
admission stroke, and also for a part of the 
compression stroke, this latter portion being 
determined by the degree of unloading called 
for. Evidently this is practically equivalent to 
a shortening of the stroke of the compressor. 

By another method the Corliss intake valve 
is opened full at beginning of admission, but 
closes later in the admission stroke. The air 
admitted to that point is expanded or rari- 
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fied for the remainder of the compression 
stroke, and then compressed, the volume of 
compressed air delivered being of course re- 
duced. This arrangement is productive of an 
excessive temperature range in the cylinder. 
Still a third method opens and holds open the 
intake valves at the end of the cylinder, or at 
opposite ends in duplex machines. The effect 
of this is to make ineffective one out of every - 
two strokes. If still further unloading is 
necessary, the intake valves at the other end of 
the cylinder or cylinders are opened and held 
open. 

The three arrangements just outlined all op- 
erate by a pressure-controlled mechanism 
which actuates some form of trip or release on 
the Corliss air valve gear, somewhat similar to 
the release mechanism of the Corliss steam 
valve for varying the cutoff. 

Three things are to be avoided in the suc- 
cessful unloader or regulator for power-driv- 
en machines; first, a sudden release or resump- 
tion of load, throwing heavy strains on the 
machine; second, undue rarification of the in- 
take air, resulting in a wide range of cylinder 
pressures and temperatures; third, the blow- 
ing off of compressed air to the atmosphere 
with a waste of power. 

It is usually desirable to start a power-driv- 
en compressor with no load, throwing on the 
load gradually after normal speed has been 
reached. This is in fact essential in machines 
driven by electric motors, for the heavy in- 
rush of current in starting under load is dan- 
gerous, particularly where power is taken from 
a transmission circuit supplying other motors. 

Evidently almost any of the unloading de- 
vices noted in the previous section can be used 
for this purpose if properly arranged for 
manipulation. The usual form, however, is 
simply a bypass valve to atmosphere on the 
line close to the compressor, protected by a 
check-valve between it and the receiver to 
prevent the return of air from the line when 
the starting unloader valve is open. This 
check valve is essential where several com- 
pressors serve one line, permitting cutting in 
or out any machine without unloading the oth- 
ers. This bypass valve is opened on starting 
when the compressor simply compresses to a 
pressure sufficient to open its discharge valves, 
the air escaping to atmosphere. When normal 
speed is reached the bypass or unloading valve 
is gradually closed and load resumed. On 2 
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stage-machines, an unloader valve should be 
provided on the low-pressure discharge to the 
intercooler, as well as on the high-pressure 
discharge to the line. In the latter case, both 
cylinders operate momentarily as low-pressure 
cylinders. 


pressure of the steam against the whole area 
of the foremost blade of cell z, As regards 
the enclosed cells, z., the author explains that 
there is a difference of pressure on the vanes, 
because the vane foremost in the direction of 
rotation projects further, and therefore pre- 











THE WITTIG ROTARY ENGINE, 
PUMP OR COMPRESSOR 


The editor of the Journal of the American 
Society of Mechanical Engineers is doing an 
excellent service to the membership of the 
Society and to the engineering profession in 
the maintenance of the department of “Foreign 
Review.” From the July issue of the Journal 
we take the following description of the Wittig 
rotary engine, translated and abstracted from 
Dinglers polytechnisches Journal, May 4, 1912: 

These engines may act either as air or water 
pumps, or as steam or compressed air engines. 
The cut shows the schematic construction of 
the engine and its mode of operation. At a, 
is an eccentrically placed rotary drum provided 
with slots in which are placed thin vanes c, 
free to move in and out of the slots, and kept 
in the position shown by centrifugal force; k 
shows the steam inlet pipe, or air outlet pipe, 
if the engine is working as a blower. There 
are several small openings in the casing wall 
on the left, not shown in the drawing. When 
the engine is working as a blower or exhauster, 
the cells formed by the vanes c pass these 
openings as the size of the cells increases ow- 
ing to the eccentricity of the drum, and expel 
the air; from the top of the engine, where the 
cells reach their maximum, they travel for 
some time without meeting any openings, and 
tend to compress the air inside them which 
they, discharge through k when they reach it. 

If the machine works as a motor, either 
steam or compressed air, the driving fluid, 
which will be called steam hereafter, enters 
from k into the cells opening into it, say into 
z, At the start rotation is produced by the 


- sents a larger area to the steam pressure than 


the vane further back: the difference in pres- 
sures will therefore tend to drive the whole 
piece in the direction of rotation. The total 
force driving the engine is proportional to the 
sum of the differential pressures in the cells 
to the right of the figure, the exhaust openings 


being on the left, where the cells begin to grow 
smaller. 


The use of a large number of vanes and 
cells, and the arrangement by which these cells 
can grow larger and smaller, is said to pre- 
sent the following advantages: (a) There are 
no valves necessary, the admission and exhaust 
being effected through uncovered openings, 
and compression and expansion regulated by 
the cells changing their size automatically. 
(b) The difference in size between two con- 
tiguous cells being slight, the difference in 
pressure is also small, and therefore the vanes 
are subjected to comparatively small stresses, 
and leaks from one cell to another are small 
as well. (c) At f, where the drum comes 
nearest to the casing, and where in an air 
compressor there would be especial need of 
packing to divide the suction space from com- 
pression, in this machine there is no need of 
packing at all, because there is always at least 
one vane c to separate the two chambers (d). 
Since the cells are filled or emptied in rapid 
succession, there is a practically uniform flow 
of steam or air both into or out of the engine, 


as well as a uniform turning moment on the 
shaft. 


If, however, the vanes were allowed to 
press against the casing, there would be a 
considerable friction between them. To pre- 
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Number of Test.......... 1 2 3 4 5 6 
ES  ryac rie eC re ere 900 900 900 900 900 900 
Delivery pressure above atmos- 

pheric in atmospheres ....... 4.5 4 3.5 3 2.5 2 
Temperature of air at delivery, | 132 121 112 106 98 92 
deg. cent. /deg. fahr........, 269 249 233 222 208 197 
Volume sucked per hr., cbm./cu. ft.| 202 215 224 239 256 270 
7070 7525 7840 8365 8960 9450 
Cooling water per sec., kg./Ib......}-0.21 0.21 0.21- 0.21 0.21 0.21 
0.44 0.44 0.44 0.44 0.44 | 0.44 
Temperature of cooling water, 
deg. cent./deg. fahr. 
(a) CNGOFINE .. 0 6 0c 5050 9/48.2 9 9 9 9 9 
Ch) TOAWING 6 os ses tes cx 23.6 20 5 19.5 18.5 18 17.5 
74.3 68.9 67.1 65.3 64.4 63.5 
Heat carried away by cooling | 3.05 42 2.2 2.05 1.9 1.78 
water per sec., WE/b.t.u...... 12 9.6 8.7 8.1 7.55 7.05 
Power consumption, h.p.......-.. 27.5 22.3 2.7 20.9 19.8 18.9 


Heat carricd away by the air per | 1.78 
PBC g WE DA Mss 000 0's5.0.00: 4000s 7.05 








1.65 1 62 1.63 a. 


~ 
a 
a 


5 
6.7 6.43 6.45 5.97 
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Barometer, 720: mm. 


Room temperature, 17 deg. cent. or 62.6 deg. fahr. 


TESTS OF WITTIG AIR COMPRESSOR, 


vent this, there are provided collars g having 
nearly the same inside diameter as the cas- 
ing, and arranged so that they have a certain 
play both normally to the axis and sidewise. 
They are carried away by the vanes with them 
in their rotary movement, and enclose the 
vanes like hoops around a barrel, the casing 
proper serving only as a guide to this re- 
volving system. When in contact with the 
collar, each vane is drawn somewhat side- 
wise owing to the eccentricity of the slot with 
respect to the axis of the casing. This eccen- 
tricity is, however, of advantage in diminish- 
ing the friction losses. The table gives data 
of tests of a Wittig Air Compressor. 





NOVEL SHAFT RAISING SCHEME 


At the Nowata mine a shaft is being dug 
from the bottom up instead of from the top 
down, and this is the only instance of the 
kind in the district. The shaft was started 
in the roof of a drift, 220 ft. beneath the sur- 
face. Hugh Correll, superintendent, is keep- 
ing careful cost figures and reports a great 


saving with the shaft now at a point about 
100 ft. above the drift. The method of pro- 
cedure is unusual. An ordinary 8-in. drill- 
hole was sunk at a point where it was neces- 
sary to sink the new shaft. This hole pene- 
trated the drift. A boiler, hoister, and der- 
rick were placed above the drill-hole and 
through it a heavy wire cable was lowered, 
being attached at the bottom to a substantial 
platform, containing an air-drill. The plat- 
form is raised into the shaft as though it 
were a cage. A drillman prepares the rounds 
of holes in the top of the shaft, which, in this 
case, corresponds to the bottom of the aver- 
age shaft. A powder-man loads the rounds; 
the cage is lowered to a point of safety in 
the drift, pulled slightly to one side to es- 
cape the shower of broken rock, and the shots 
are fired by electricity. All the costs of 
shoveling the broken rock into tubs to be 
hoisted and the heavy costs of pumping in 
a newly sunk shaft are eliminated. The sav- 
ing in time also is proving a big factor in 
favor of this novel shaft-digging system.— 
Mining and Scientific Press. 
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*DUST, GASES AND HUMIDITY IN 
MINE AIR 

Eminent mining authorities, such as Hal- 
dane, Heise and Herbst, state that the breath- 
ing of fire-damp, when it is present in such 
small quantities that it will not explode, is 
not injurious to the health of mine workers. 
Although a man may breathe an explosive 
mixture, no injurious effects will be noticed 
on returning to fresh air. 

FUMES FROM EXPLOSIVES. 

Considerable progress has been made dur- 
ing the last few years in bettering the qual- 
ity of explosives used in mines. However, 
there is room for improvement, for one pound 
of explosive powder used in blasting coal will 
produce from two to four cubic feet of ex- 
plosive gas. It has been determined by chem- 
ical tests that if a mine is ventilated, as re- 
quired by the West Virginia mining law, the 
additional amount of explosive gas produced 
by the shooting will not have a noticeable ef- 
fect on the whole percentage of explosive gas 
leaving by the main return. But, as the 
fumes contain the poisonous gas, carbon mon- 
oxide, and also carbon dioxide, methane, etc., 
it can readily be seen that a miner’s health 
will suffer if a sufficient amount of air is not 
distributed to the working face. 

“SOLID IMPURITIES IN MINE AIR. 

That air issuing from a mine contains solid 
matter enough to make it visible, cannot be 
denied, unless the dust particles in the air have 
been washed out by the moisture carried in a 
well-saturated current. Some mines are apt 
to be more dusty than others. However, if 
blowing fans are used for ventilating, and a 
sufficient amount of steam is injected into the 
intake air, the floating dust particles at any 
place in the mines will readily fall to the 
floor, due to the thorough washing of the at- 
mosphere when the dew point is reached. 
Free the air of this dust by washing it, and 
you will thereby protect the health and en- 
hance the efficiency of the coal digger. 
VENTILATION - QUANTITY, TEMPERATURE AND 

MOISTURE. 
From 0.5 to I per cent. of methane is per- 


*Abstract of a paper by Karl F. Schoew, 
Mine Inspector, first inspection district W. 
Va., read before the West Virginia Coal Min- 
ing Institute, Charleston, W. Va., June 6, 
1912. 


mitted in the return air from splits and in the 
main returns of German mines but only where 
locked safety lamps and permissible explosives 
are used exclusively. Considering that we 
must employ a large percentage of foreign 
laborers, many of whom cannot understand the 
English language and who have a limited 
knowledge, if any, of the dangers of firedamp 
and blackdamp. I believe that the maximum 
percentage should be: Methane 0.6 per cent. 
and carbon dioxide 0.3 per cent. in all returns, 
when. locked safety lamps and permissible ex- 
plosives are used exclusively. In mines where 
open lights and black blasting powder are 
being used, the maximum percentages of both 
methane and carbon dioxide should be 0.3 per 
cent., in all returns. 

In actual practice I have found that 1.5 per 
cent. to 2 per cent. of methane is explosive 
when mixed with dry coal dust floating in the 
atmosphere, the observations being taken in a 
mine at a temperature of 47 deg. F. 

Professor Heise observed the minimum ex- 
plosive temperature of methane to be 1112 deg. 
to 1292 deg. F., the maximum temperature 
being 4802 F. The most violent explosions 
occurred when air contained 9.5 per cent. of 
methane, oxygen being present in sufficient 
quantity to allow complete combustion. It has 
been observed that the quantity of firedamp in 
gaseous mines increases in many cases nearly 
proportionately to the extension of excavations, 
provided there are no outlets to the surface 
for the gas in sections which are being robbed. 

WHAT IS A GASEOUS MINE? 

The question has often been asked: “What 
is a gaseous mine?” Any mine is gaseous 
which liberates explosive gas; whether that 
gas will affect a safety lamp or is only revealed 
by a chemical analysis. I would like to suggest 
the following as a mode of determining 
whether a mine is really gaseous. Shut down 
the fan and close the intake and return air- 
ways for a period of 24 hours; if the chemi- 
cal tests of the air in the mine do not show 
methane to be in the atmosphere in excess 
of 1 per cent., then the mine is liberating 


firedamp in such small quantities that the ° 


operator should not be compelled to employ 
a fire-boss or bosses, provided that similar 
tests are made monthly and that the fan is 
of approved size to supply ample ventilation 
and is kept in operation day and night to 
insure a safe and good quality of air. 








ay 
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DANGERS OF TORNADO VENTILATION, 


There is no advantage in excessive quan- 
tities and rapid currents of air. Some mines 
are liberating explosive gases in such large 
quantities that we cannot dilute them with 
fresh air to such an extent that they cannot 
be detected by chemical tests. Moreover, 
during the cold season of the year, such ex- 
cessive quantities of air could not practically 
be heated by steam, so as to be capable of 
carrying sufficient moisture into the mine to 
keep the coal dust wet. The larger the cur- 
rent of unsaturated air traveling through a 
mine, the faster the dust is dried up. 

GAS WHICH GIVES NO SIGN. 


In the mines of our state from o to 600 
cu. ft. of methane is liberated per minute. As 
there is an ever present danger that natural 
gas will escape from gas wells into the mines, 
and that gas blowers will be encountered in 
the advanced working places, chemical tests 
of the mine air should be made at least once 
a month in every gaseous mine to ascertain 
whether there is ample ventilation provided to 
dilute what is being liberated. In non- 
gaseous mines chemical tests should be made 
at least every three months. The State min- 
ing department should keep records of the re- 
sults of all these tests as made in both gase- 
ous and non-gaseous mines. 

Chemical tests of mine air would prove to 
be an eye-opener to many operators. Al- 
though the mine and fan may have been idle 
for a day, the intakes and returns of the 
mine closed and no fire-damp detected with 
a safety lamp or with an open light, this by 
no means establishes the fact that the mine 
is entirely free of explosive gas; for as much 
as one per cent. of methane would not be de- 
tected by a fire-boss, and it would not burn 
if an open light were put into the mixture. 

TEMPERATURE AND MOISTURE. 


From a standpoint of economy, safety and 
promotion of health, air entering live work- 
ing places and gobs should by all means be 
adjusted to natural mine temperature, which, 
in our state, is about 57 deg. to 60 deg. F., 
and should contain a minimum percentage of 
94 per cent. humidity. Brattice cloth only 
begins to show slight moisture at 94 per cent. 
of air saturation at the natural mine tempera- 
ture, while at about 96 per cent. humidity it 
is thoroughly wet to the touch. Coal dust 
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exposed to 90 per cent. humidity at mine 
temperature will appear dry to the observer. 

A few hygrometers placed at the mouth of 
inlets to butt entries will prove beneficial. 
These should be read by the fire-bosses and 
the reading reported twice weekly. If neces- 
sary, additional steam could then be passed 
into the air. If the mine temperature be kept 
at 57 to 60 degrees, and 94 to 100 per cent., 
saturated, considerable expense from roof- 
falls will be obviated, because these in many 
cases are due to sudden changes in mine tem- 
peratures. It would also prevent mine fires, 
as all combustible material would be kept 
thoroughly wet. The effect of over-heated 
air currents in mines, as we all know, is to 
reduce the powers of body and mind, especial- 
ly when concurrently the air is saturated with 
moisture. At a certain temperature there is 
a decided change in the human body. 
FIFTY-FIVE DEGREES THE HEALTHY TEMPERA- 

TURE. 

On all Fahrenheit theremometers 55 de- 
grees is marked as temperate, which is 
merely the natural temperature of the West 
Virginia mines. Above 55 degrees we re- 
quire little warmth, and this is supplied by 
a little exercise. When the air is colder, it 
is probable that the conducting power is too 
great for the amount of heat developed. At 
any rate, the point in question is one to be 
noted, and it appears extremely reasonable 
that the ability to labor will be diminished 
as the heat varies much above or much be- 
low 55 degrees. The aim should be to main- 
tain the natural mine temperature all the 
time. Whenever the temperature in a mine 
is left unadjusted, the necessity for adjust- 
ment is felt. 

The human body demands warmth above 
all things, and it is the very first demand, as 
no function can be satisfied without it. No 
doubt a person may live for days, perhaps 
years, in badly ventilated places, with more 
or less discomfort or danger to health. The 
danger of cold, besides many others, con- 
fronts mine workers in mines where during 
the cold season exhaust fans are used, so 
that the intake cannot be heated. The great 
instinct of man is to keep warm. Adjusted 
mine air, be it at full saturation, or near that 
point, feels comfortable, and is a great agent 
in the purification of the atmosphere. Coal 
dust and solid particles of powder fumes are 
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quickly washed out of the air. Thus the 
mine is speedily made free of this menace. 

Blackdamp can readily be dislodged in live 
workings and gobs by ventilating with air 
which has been adjusted, and is therefore 
fully or nearly saturated. Each gallon of 
moisture introduced by this means is capable 
of observing equal volumes of carbon di- 
oxide. 

WHERE MOISTURE IS HARMFUL. 

Moisture does cause an increase in fatality 
in some countries. It does this if there is no 
wind to agitate the humid air, and no rain- 
falls to wash it clean. When we are exposed 
to fog and humidity, with no wind to agitate 
them and no rain to wash the impurities out, 
it is not hard to understand that the atmos- 
phere is harmful. But these conditions do 
not exist in our mines. The air is moving, 
and although it may be fully saturated, as 
soon as the dew-point is reached, the mois- 
ture drops like rain, and cleanses the atmos- 
phere. 

I have observed during my experience as 
a mine inspector that properly adjusted mine 
air, although fully saturated with moisture, 
has no injurious effect upon miners. Fresh 
air is a good investment, whether it be in 
an office or in the mines. Without it the 
most energetic lose force and cannot do a 
full day’s work. A miner cannot develop his 
utmost power without fresh air, any more 
than can the fire under a boiler yield the ut- 
most heat when deprived of the necessary 
amount of good air. 





KEEP THE MINE AIR MOVING 


BY D. G. THOMAS. 
I was sitting in the entry, 
Humming low a fancied song, 
While my fevered brow was cooling, 
In the air that rushed along, 
Through the dreary, darkened chambers 
Where the deadly lurking damp 
Lingers harmlessly till startled 
By the flame on some one’s lamp. 


The pick, pick, pick of the miners 
I heard in the chambers afar, 
Like the noise of cracking muskets 
When the soldiers are at war; 
Now and then a sound like cannon 
Roared out with a lurid glare, 
When a blast, red-tongued, exploded 
And rolled on the vibrant air. 
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Onward—the current moved onward, 
Swiftly and coldly it flew 
Into the farthest recesses 
Still keeping constant and true; 
Hurrying past me it murmured 
In language careless and free: 
“O man, thy life shall be forfeit 
If thou for a moment stop me. 


“Make room for my wings, O mortai, 
Make room for my wings to fly 

With breath for the panting toilers 
Or they will perish and die; 

Stand not in my way for an instant, 
Obstruct not my hard-worn path, 
Or the gas that I should make harmless 

Will flame in its awful wrath. 


“When the world was in disorder, 
Ere the days and night began 
Changing cycles with each other, 
Long before the birth of man, 

I was constantly in motion, 
Making ready all the earth 
For the coming and the welcome 

Of humanity’s proud birth. 


“Then I lived to be man’s servant 
Both on land and on wave, 

Doing wonders at his bidding, 
Working like a faithful slave; 

Driving clouds across the heavens 
When he needed cooling rain; 

Then dispelling them that sunshine 
Might smile on the earth again. 


“Now they take me in the darkness 
Where the Devil’s imps abound; 
There to kill the gas that gathers 
Like a stealthy foe around, 
Waiting to disclose its presence 
When a flaming lamp is near 
To ignite it, then to hasten 
On its wild and mad career. 


“Keep my passageway wide open, 
Make me sing as on I go, 
Then the gas that I encounter 
Meets an unrelenting foe; 
I alone can make it harmless, 
Make it shudder, break and flee, 
And in safety keep the miners 
That depend for life on me.” 
—Coal Age. 
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AIR COMPRESSOR CLASSES 

The eapital letter class designations of the 
various types of air compressors, as Class A, 
Class G, Class O, etc., are apt to be somewhat 
puzzling to the uninitiated; but they mostly 
have not been adopted arbitrarily, and gener- 
ally they stand for or suggest something of 
more or less importance to be remembered. 

A few of these class letters are initials of 
descriptive words, as B for belt-driven, C for 
some Corliss feature, D for duplex, and so on; 
but besides these, and ultimately more signifi- 
cant than these, are the letters which mark 
the successive steps in the history of the air 
compressor, its progressive development in the 
direction of increased power economy, efficiency 
and general adaptability. 

Class A stands for the type of compressors 
first built and now represents almost ancient 
history, while the other letters have been em- 
ployed in alphabetical succession when radical 
departures in design and construction have oc- 
curred, and now O and P and their neighbors 
belong to the compressors of most recent type, 
embodying the latest and most approved fea- 
tures. Further along we may have Class T 
for turbo-compressors, which letter will then 
have the double embodiment of the actual 
initial and of the historical sequence. 

There was a time when Class A was the 
only type built, and when its designating letter, 
not being needed, had not yet been applied to 
it; and all concerned were, perhaps, as well 
satisfied with it and with its performance as 
now we are with the machines whose letters 
are approaching the other end of the alphabet. 
But what a distance it seems that we have 
traveled from our original compressor ideals! 
Not only have the compressors been gradually 
improved, the builders’ ideas enlarging as their 
work has grown, but, most important of all, 
the customers have been educated, so that those 
who buy and use the machines require much 
better performance than those of old to satisfy 
their demands. 

This has retroacted, so that while machines 
are still built which are nominally Class A 
they are very different machines and make a 
much better showing than those whose suc- 
cessors they claim to be could ever have done. 
The first steam-driven compressor, which, look- 
ing backward, we now call Class A, was a plain 
slide-valve steam engine without cut-off or 
anything else, and the air cylinder, partially 
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water-jacketed under compulsion, worked 
single-stage, and the machine was started and 
stopped by the engineer, or slowed down by 
hand as far as possible, according to the fluc- 
tuations of the air pressure, so that if it would 
only work at all and supply the air at any 
cost that was all that was asked for. 

The up-to-date compressor is something not 
only for the builder to be proud of, but for the 
miner or contractor to regard with good-will 
and satisfaction. High-pressure steam, Corliss 
(or equivalent) compound condensing engine, 
two-stage air compression with precooling and 
air filtering arrangements, complete water- 
jacketing of cylinder, intercooler and water 
eliminator between stages, aftercooler, auto- 
matic regulation of air volume according to 
requirements, and adjustment of power to 
work, reliable lubrication throughout—these 
are now the familiar devices of every-day 
practice; and it is no wonder that air com- 
pressed and delivered costs per unit of volume 
only a third or a quarter as much as it gen- 
erally cost only twenty or twenty-five years 
ago. 

In the operation of the steam-driven air 
compressor as a whole the percentages of sav- 
ings are, of course, worth as much at one end 
of the machine as at the other; and it is a 
rather curious thing that, as a result of the 
various improvements which have developed, 
the actual savings in practice have been much 
the larger at the steam end of the machine. 
No strikingly novel additions to our knowledge 
of the properties of steam have developed; 
but the compressor people, builders and users 
alike, have finally realized that it pays to save 
steam in compressing air as well as elsewhere. 





TEN TIMES AS GOOD 
Editor Compressed Air Magazine: 

We respectfully call attention to an article 
published in the June tssue of Compressep AIR 
MaGAZINE entitled “Commercial Value of the 
Air Lift,” by F. S. Miller. 

On page 6462 is given an example showing 
the cost of pumping with compressed air, or 
the 20th Century System, in which the cost of 
coal per ton is assumed at $2.00 and the cost 
per pound as 1 cent, which latter is a mistake. 
It should be $o.001 per pound, which would 
make the fuel cost per hour $0.027, or, pump- 
ing 6000 gallons per hour, $0.0045 per 1000 
gallons. 

This is very different from $0.045 per 1000 


gallons, and we trust that you will be able to 
make correction of this error, as the article as 
published will not give a very favorable im- 
pression of the 20th Century Air Lift System. 
Harris Arr Pump Co. 
Indianapolis, Ind. 





THE BOILING POINT OF FROGS 


. The following we have already noticed in 
several of our exchanges. It is going the 
rounds with some moral tagged on to it by 
the advertising sharps: 

“A frog jumps readily enough when put 
into warm water, yet a frog can be boiled 
without a movement if the water is heated 
slowly enough. -In a physiological experi- 
ment at Yale University the water was heat- 
ed at the rate of .0036 of a degree a second, 
Fahrenheit. The frog never moved, and at 
the end of two and a half hours was found 
dead. He had evidently been boiled without 
noticing it. There are hundreds of business 
frogs, etc., etc.” 

As we figure it, the temperature of the wa- 
ter, according to the data given, would have 
been raised 32.4 degrees, so that the poor 
frog must have been in pretty hot water to 
begin with. 





A RIVER TUNNEL IN AN OPEN CUT 


At Berlin a tunnel which is to carry the 
underground railway beneath the river Spree, 
is being built in open cut within cofferdams, 
and the work has ‘been divided into two sec- 
tions. The length of the river crossing, exclu- 
sive of approaches built in open cut, is about 
430 ft. Half the width of the river was first 
closed by two parallel cofferdams 75 ft. apart 
and an end cofferdam at the middle of the 
river. The enclosed space was excavated and 
drained, and the double-track reinforced-con- 
crete tunnel of rectangular section was then 
built. A second end cofferdam or bulkhead 
was then built back of the first one, the two 
(with the side walls connecting them) form- 
ing a pit around the head of the tunnel, which 
was closed by a temporary concrete bulkhead 
wall. The cofferdams from the shore were 
then removed, and similar cofferdams built 
from the opposite shore to the island coffer- 
dam left in place at the middle of the river. 
This second enclosed space was then pumped 
out and excavated, and the second portion of 
the tunnel built. 

















4 
ba 
i 
g 





COMPRESSED AIR MAGAZINE. 6531 


HOW PIECEWORK WORKS 


At the last annual convention of the Ameri- 
can Wood Preservers’ Association, the secre- 
tary, F. J. Angier, who is superintendent of 
timber preservation of the Baltimore & Ohio, 
told about the establishing of piecework rates 
at a timber-treating plant on the Burlington in 
South Dakota. At the time this system was 
tnstalled they were handling ties on a day 
basis, paying 17% cents per hour. A gang of 
ten Swedes was secured and they were placed 
under a good foreman, who was instructed to 
see that the men worked steadily and gave a 
good day’s work. The record of the number 
of ties handled was carefully kept for a week 
and this number. divided into their total wages 
gave the cost per ties on a day basis. This 
gang of Swedes was then placed on a piece- 
work basis with a rate a trifle less than had 
been paid on the day basis. The result was 
that they very quickly increased their monthly 
wages until they made from $75 to $90 a month 
where they had previously made about $45. 
The company did not decrease the rate, as with 
the increased output the cost of the work to 
the company was lessened, because of the re- 
duction in the cost of the foreman’s super- 
vision and overhead charges. 





AIR FILTERS IN CYANIDING PLANTS 


The compressed air that is to be used for 
aerating the sand or slime, or in agitating the 
pulp is purified by filtration before use at many 
cyanide plants. Several types of filters are 
used; at the Homestake plants the air is 
passed through a filter press made up of sev- 
eral cells similar in all respects to the cells 
of the Merrill presses used in the treatment 
of slime. Cylinder oil or the products of its 
combustion or decomposition, which are intro- 
duced into the air in the cylinders of the com- 
pressors, are the impurities that should be re- 
moved as completely as possible before the air 
is used for agitating. The apparatus at the 
Alaska Treadwell has a further advantage in 
that carbonic acid is also removed by caustic 
soda or milk of lime. The removal of this 
acid is accompanied by a decrease in the con- 
sumption of cyanide, for it is a well-known 
fact that carbonic acid decomposes potassium 
and sodium cyanides, and even in the presence 
of an abundance of protective alkali some de- 
composition by this acid may take place. 
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OIL SPRAYING OUTFIT 


OIL-SPRAYING ABSORBER TUBES 

very refrigerating engineer has _ been 
troubled with leaking absorber tubes while the 
machine is in operation and in getting the 
scale out of the tubes when the machine is shut 
down for winter repairs, but much of this 
trouble can be avoided by spraying the inside 
of the tubes with raw linseed oil. They should 
first be thoroughly cleaned with a flue scraper; 
then the oil may be applied to good advantage 
with an oil spray using air. I use the appar- 
atus shown in the sketch. The tank can be 
placed on top of the absorber and the air piped 
to it. 

This apparatus can be made very cheaply, 
using any tank that will stand a pressure of 
from 50 to 60 lb. The sprayer is made of 
%-in. pipe for 2-in. tubes and %4-in. pipe for 
14-in. tubes, drilled with four ™%-in. diamet- 
rically opposite holes. To obtain a good spray 
and not waste the oil, the oil and air valves 
must be properly adjusted. 

After spraying the tubes let water flow slow- 
ly into the bottom of the absorber to give the 
oil on top of the water a chance to cover any 
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unoiled place on the tubes as the water rises. 

If this treatment is employed there will be 
fewer leaks during the season, the scale will 
not form so thickly on the tubes and they may 
be more easily cleaned when the machine is 
shut down for repairs.—Power. 


pipe as shown in the sketch may be used to 
delived air at the face or to withdraw air 
from it. The water blast not only allays the 
dust made while blasting, but wets the broken 
material so thoroughly that little or no dust is 
raised by shoveling. 
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A WATER BLAST FOR DUSTY MINES 


The cut shows what is known as the Jamés 
water blast which has been developed in South 
Africa and now is used in many mines on the 
Rand. It is intended especially for allaying 
dust and absorbing noxious powder fumes im- 
mediately after blasting. 


There is a piece of 6-in. pipe about 10 ft. 
long closed at each end by a flange which has 
a central hole threaded for 2 in. pipe so that 
it can be connected into a 2-in. compressed 
air main anywhere. A hole in the side of the 
6-in. pipe is threaded for a small pipe to con- 
nect with a supply of water under low pres- 
sure. This may be obtained conveniently by 
providing a tank or cistern for water storage 
in some part of the mine above the level in 
which the water blast is used. 


A valve in the 2-in. service pipe and in the 
small water supply pipe are used to control the 
flow of air and water. While drilling is 
going on the air valve is left wide open, but 
the water valve is closed. When ready to blast 
the miners close the air valve and open the 
water valve; the 6-in. cylinder is quickly filled 
with water. As soon as the blast has been 
fired the air valve is opened suddenly, causing 
the water contained in the 6-in. pipe to be 
ejected into the face of the drift in the form 
of a fine spray. 


The spray of water is effective for a dis- 
tance of 30 or 40 ft. back from the face. To 
promote further ventilation an induction draft 


IMPOSSIBLE GASOLENE EXPLOSIONS 

Recently Joseph Stubbers, of Cincinnati, 
gave a demonstration of the difference in haz- 
ard of gasoline as a liquid and the vapor of 
gasoline mixed with air. 

“There is no more danger of gasoline ex- 
ploding than if it were so much water,” he 
said, pouring burning gasoline from one can 
to another while the flames played about the 
stream of burning liquid as it descended from 
one can to the other. “Gasoline in liquid form 
never explodes, it just burns like so much oil,” 
he added as he poured some of the liquid on 
the floor, set two cans of the gasoline on the 
wet spot and then applied a match just as the 
observers were closing the door behind from 
the outside, yet no explosion followed. In- 
stead the gasoline burned briskly on the floor 
and all about the filled cans which by this time 
had caught fire at the spouts and were burning 
like torches. “It’s all in the way you handle 
gasoline,” added Stubbers, as the spilled gaso- 
line on the floor burned itself out and only 
the torchlights remained burning in the spouts 
of the cans of liquid gasoline. “You are safe 
as long as you do not give the gasoline a 
chance to vaporize; it’s the vapor that ex- 
plodes and‘ not the liquid gasoline. A few 


drops of gasoline vaporized and mixed with 
the right quantity of air is enough to start 
something.” 

Then Stubbers took an empty can and allow- 
ed a few drops of gasoline to trickle down 
through the spout. Then he shook it vigor- 
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ously to vaporize the gasoline and mix it with 
the air in the can. “Now we have the right 
amount of air and gasoline vapor to start 
something,” he said, and held a match to the 
opening in the can. Immediately there was a 
deafening report and a flame shot from the 
can. “Now to show you that the liquid gaso- 
line will not explode I will fill this same can 
with gasoline within two inches of the top 
and apply a match as before.” The flame 
burned placidly about the mouth of the can 
like an alcohol flame. Picking up the can and 
blowing into the spout, the flame shot out high 
into the air as long as Stubbers blew into the 
spout. On ceasing the flame immediately went 
back to its source and burned as before. 

“There is no such a thing as a gasoline ex- 
plosion,” said Stubbers, “it is a gasoline vapor 
explosion in every case, and when you read 
of a ‘horrible gasoline explosion,’ believe me 
that some one has been careless in handling 
gasoline and has allowed the liquid to vaporize 
into the surrounding atmosphere in the room 
just as we mixed those few drops with the air 
in that can.” In illustration of this Stubbers 
extinguished a burning wax taper by inserting 
the burning end into a can of gasoline. It 
went out with a sputter just as it might if im- 
mersed in so much water.—IJnsurance Maga- 
zine. 





OZONE STERILIZATION 

Ordinarily sterilizing agents are not always 
pleasant, but there is a fascination about the 
use of “electrified air.” There are no repug- 
nant residues after ozone has attacked organic 
matter, whether it be in drinking water, in the 
air or on hospital bandages. In other words, 
ozone burns up decaying and dangerous or- 
ganic matter into harmless products. 

This magic gas, merely oxygen in a more 
active form, is obligingly made for us by na- 
ture through the action of the sunlight and 
electric stress in the atmosphere. But so 
quickly does it pounce upon dirt, that around 
cities we find little or no ozone. Some author- 
ities consider it nature’s purifier. Man has 
learned to imitate one of nature’s methods of 
making it, and now many types of electric 
ozonizers are on the market, all depending on 
the fact that when electricity under a pressure 
of several thousand volts jumps silently across 
an air gap. part of the oxygen in the air is 
converted into ozone. 
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One part in a million of air is bracing in its 
effect, the results being like those of the best 
mountain air, and the organic sewage thrown 
off by people’s’ lungs is readily burned up. 
This air sewage is the cause of stuffiness, 
headache and depression when people crowd 
together indoors. It is a genuine poison; but 
ozone renders it harmless. In this connection 
it is well to take the claims of manufacturers 
of ozone machines with a grain of salt. Enough 
ozone to kill bacteria in the air will be ex- 
tremely unpleasant if not positively injurious. 
Its value in improving the air of churches, 
theatres and houses lies solely in the destruc- 
tion of air sewage. Indirectly, this keeps 
down the number of bacteria; for they need 
the air sewage as food, and the oxidation of 
their food checks their increase. 

The stimulating effect of slightly ozonized 
air is like that of the pine woods or moun- 
tains or seashore, and possibly for the same 
reason. Physicians in London and Paris re- 
port great benefit by its use in cases of anemia, 
incipient tuberculosis, whooping cough, etc. 
Recently a completely equipped hospital for 
the study of ozone as an aid in therapeutics 
has been installed in London. 

To purify drinking water greater concen- 
trations are required, too great for safe or 
pleasant breathing. The highly ozonized air is 
mixed with the water and kills bacteria as well 
as removing odor and taste from very bad 
water. Muddy water is rough-filtered first. 
One hundred cities in Europe including Paris 
and St. Petersburg are purifying their munic- 
ipal supplies in this way. Paris has a plant 
at St. Maur with a capacity of twenty million 
gallons in twenty-four hours. A few plants 
are in operation in America, notably in Balti- 
more, Ann Arbor and Linsay, Ontario. A 
Chicago firm sells a small ozonizer to be at- 
tached to the household faucet. It consumes 
electricity only when the water is running. 

As a deodorizer ozone is wonderful. Pub- 
lic toilets, club rooms reeking with cigar 
smoke, storage cellars, restaurants—all re- 
spond to this means of purification. A large 
number of banks and other business houses 
stimulate their clerks to their level best by 
making the air invigorating with a dash of 
ozone. The cost of running a machine ade- 
quate for a church or small theatre is no 
more than that of two sixteen-candle power 
lights. One hundred and fifty dollars will buy 
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a large machine, and household sizes may be 
secured for less than fifty dollars. Leading 
hospitals sterilize bandages and instruments 
by exposure to very strongly ozonized air. As 
an adjunct to the cold storage preservation of 
fruit there are great possibilities. Less refrig- 
eration is required if the atmosphere is 
charged with ozone, for it prevents the growth 
of the organisms of decay. Brewers already 
use the gas to sterilize casks and vaults, and 
to some extent to age beer. 

Outside the bactericidal field ozone has a 
commercial use as a harmless bleaching agent. 
Flour, for example, has been whitened by ni- 
tric oxide gas; but the determined opposition 
of the government pure food department has 
directed attention to the fact that ozone will 
bleach the yellowest wheat flour to a pure 
white with no possibility of danger to the pub- 
lic health. For that matter sugar, oils, starch, 
textiles and the delicate ostrich plumes are 
thoroughly and safely bleached. 

A great drawback to the more general use 
of this valuable gas is its extreme instability. 
Cylinders of it cannot be shipped as can be 
done with oxygen, for, unfortunately, ozone 
rapidly decomposes into the oxygen from 
which it was made. Heat and moisture are 
both unfavorable to its preservation. The 
Steynis system of making large quantities of 
it for industrial use avoids this danger to some 
extent. In this process the air to be treated 
is first dried and chilled. 

Investigation in this field has received a tre- 
mendous impetus in the last decade, and much 
more is to be expected in the next.—Scientific 
American. 





NOVEL AIR COMPRESSOR EXPLOSION 


The following is from a Montreal corre- 
spondent of Power. The writer says nothing 
of the grade or the quantity of oil that had 
been used for lubrication, but it seems to have 
spoken for itself. 

“New piston rings were to be put in the 
piston of the air cylinder. The compressor 
was not shut down until everything was 
ready for doing the job quickly, when the 
discharge valve was closed and the nuts re- 
moved from the cylinder head. A chisel was 
used to force the head from the cylinder and 
a lighted candle placed on the engine bed 
to see to work. As soon as the head was 


loose from the cylinder, gases within, caused 
by lubricating oil, ignited, blowing the head 
from the studs and breaking two adjacent 
pipes. Luckily these were only a I-in. wa- 
ter pipe and a 1!4-in. steam pipe under very 
low pressure.” 





STROKE COUNTER FOR COM- 
PRESSORS 


At the power plant of the St. Louis Smelt- 
ing & Refining Co., in southeastern Missouri, 
the stroke counters on the air compressors 
are connected with the low-pressure air cyl- 
inders. This allows the placing of the coun- 
ter with the other indicators on the main 
gage-board of the engine. A %-in. pipe is 
tapped into the low-pressure air cylinder and 
is carried over to a small cylinder on the main 
gage-board. The piston of this cylinder rises 
and falls with the pressure in the main cyl- 
inder, and the counter is in turn operated by 
the movement of the piston in the auxiliary 
cylinder. This enables the assembling of all 
indicators in a handy, practical manner on 
the main gage-board and enables easier watch 
to be kept of everything in connection with 
the work being done by the engine—Engin- 
eering and Mining Journal. 








NOTES 
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One of the “Imperator’s” immense rotors 
contains 50,000 blades, weighs 135 tons and can 
develop 22,000 hp. 





For the mining city of Broken Hill, Aus- 
tralia, a reservoir has been planned to impound 
3,483,600,000 gallons with an area of 380 acres, 
the annual evaporation from which is esti- 
mated at 772,800,000 gallons, or over 2,000,000 
per acre. 





A blackish incrustation, in some places 
four inches thick, on the under side of the 
cornice of St. Paul’s Cathedral, and due to 
the action of sulphuric acid upon the stone, 
testifies to the effects of the smoke evil in 
London. 





Experiments have shown that unless there 
is an unusually large amount of dust in sus- 
pension in the air, ignition does not take 
place from a naked flame. Dust explosions 
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are the result of violent compressions simul- 
taneously with the production of a large flam- 
ing area by the explosion of a charge. 





Winnipeg, Canada, is said to be one of the 
leading cities of the new world in the mat- 
ter of municipal ownership. Among the mu- 
nicipally owned public utilities are an asphalt 
plant, a stone quarry and a plant for the lay- 
ing of cement sidewalks, 





It is claimed that soap water used instead 
of ordinary water in mixing concrete makes 
it waterproof. A grain elevator, at times ex- 
posed to inundation, was built in Germany 
from reinforced concrete made with soap wa- 
ter, and this building was successful in with- 
standing the effect of the water, while another 
building of the same material, but having 
beert made without soap water, failed to com- 
pletely keep out the water. 





The Strawberry Tunnel of the U. S. 


Reclamation Service in Utah was holed 


through on June 20. This tunnel, which 
pierces the Wasatch Mountains, is 19,200 ft. 
long and will deliver water from Strawberry 
River to 70,000 acres of rich agricultural land 
located 65 miles south of Salt Lake City. 
Preliminary work was begun during the fall 
of 1906, and tunneling was started in the 
summer of 1908. The driving was all done 
from two portals, for the profile of the line 
is such that shaft and intermediate headings 
were not feasible. 





The engineer corps of the U. S. Army, 
which is charged with river and harbor im- 
provements in addition to many other lines 
of work, now has floating equipment nearly 
as numerous as vessels of the navy, approxi- 
mating in all 855 craft of all sizes. Of these 
no less than 137 are dredges which are large 
coal consumers and practically every other 
boat in the fleet is a user of coal on a con- 
siderable scale, for the activities of the de- 
partment may be gleaned from the fact that 
in the past fiscal year the dredges excavated 
52,000,000 cubic yards of material, or about 
five-sevenths as great a volume as the entire 
contents of the Culebra cut. 





In Holland they are using a pump to con- 
vey the beets to the sugar factory, As many 
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of the beets are hauled by barges, the men 
in charge just throw them overboard, the 
beets reach the pump by means of a flume, 
and are then pumped into position, which 
washes the beets at the same time. When a 
stoppage occurs in the pump the ordinary 
pressure of from 0.7 to 0.9 atmospheres is 
increased to 2 atmospheres by shutting off a 
slide. At Viervlaten one of these pumps has 
been installed and has a capacity of 440,000 
kilograms, 968,000 Ibs., in 24 hours. 





Thomas Mitchell, foreman of the Leonard 
mine in Butte, Mont., recently applied for a 
patent on a dust eliminator for drilling ma- 
chines. The appliance, which is simple, has 
four heavy iron fingers which are attached to 
a cylindrical ring. The fingers are set as a 
spring and fit in the hole. A canvas tube leads 
from the ring through which the dust falls 
while another short canvas tube covers the 
drill. The apparatus does not conflict with the 
changing of the drills and the entire device 
can be manufactured for less than 50 cents. 
The appliance has been given a thorough 
workout in the Leonard mine and has proven 
satisfactory. 





Coal barge number 742 of the Reading 
Coal company recently passed through the 
draw of the.old stone bridge spanning the 
Neponset River, Mass., loaded with 1,000 or 
more tons of coal. In an attempt to return 
a few days later the same way when empty it 
was found that the barge was five inches 
wider than the passageway through the bridge 
which she had negotiated safely but shortly 
before. It was explained by those in charge 
of the job that the weight of the coal along 
the keel caused the sides of the barge to 
spring inboard, and when the coal was re- 
moved the steel frames returned to their 
normal position, increasing the beam of the 
barge at least half a foot. The external wa- 
ter pressure when the boat was loading prob- 
ably had as much to do with it. 





LATEST U.S. PATENTS 


Full specifications and drawings of any pat- 
ent may be obtained by sending five cents (not 
stamps) to the Commissioner of Patents, 
Washington, D. C. 


JUNE 4. 


1,028,098. PRESSURE-REGULATING VALVE. 
JosEPH P. DELANEY, Pittsburgh, Pa. 
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1,028,121, PNEUMATIC WATER SYSTEM FOR 
DOMESTIC PURPOSES. HERBERT M, LOFTON, 
Atlanta, Ga. 

1,028,128. POWER-TRANSMISSION MECHAN- 

ROBERT C. MITCHELL, Mount Vernon, N. 


1. In an apparatus of the character described, 

a driving shaft, a driven shaft, a planetary wheel 
connection, a carrier therefor, and a fluid con- 
trolled means with external circulating pipes 
whereby the movement of the carrier may be 
varied and maintained with substantial uniform- 
ity at any desired speed. 

1,028,145. RECORDING APPARATUS FOR 
MEASURING GASEOUS FLUIDS. CARL 
FRIEDRICH SIMON, Stolberg, Germany. 

1,028,201. PROCESS OF PRESERVING WOOD. 
CARLETON ELLIs, Montclair, N. J. 

1. The process of treating wood comprising 
subjecting wood to a preservative oil under pres- 
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sure and then to the action of a fixed gas under 
higher pressure, said gas carrying less oxygen 
than normal air. 

1,028,209. AIR-LIFT PUMP. OrTTo E. Harris, 

Indianapolis, Ind. 

1,028,373. PRESSURE-MEDIUM CONTAINER. 

Harry M. McCAsLin, Elmira, N. Y. 

1. A device of the character described, com- 
prising in combination a container for compress- 
ed fluid, having a fluid passage, a sealing nut 
therein having a recess forming a continuation 
of said fluid passage, and a puncturable sealing 
diaphragm constituting a control valve carried 
by said sealing nut and seated and unseated 
thereby to close and open the container during 
charging. 
1,028,511. ATMOSPHERIC ENGINE. ALBERT 

R. We1sz and GEorRGE R. WEIsz, New York, N. 


Y. 
1,028,623. AIR DRILL-SOCKET. 
SmitH, Yonkers, N. Y. 
1,028,628. TIRE-INFLATING APPARATUS. 


RosBert J. 


Mason F. STOLBERG, Toledo, Ohio. 

1,028,652. DOUBLE-SEAMING AND VACUUM- 
IZING MACHINE. LUDWIG WuURzBURG, San 
Francisco, Cal. 
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2. An apparatus of the character described, 


having a chamber, means for exhausting air 
from said chamber, a rotary can carrier in said 
chamber, means for rotating said carrier, means 
for introducing cans in succession into said 
chamber while maintaining a vacuum therein, 
means for causing said cans to be engaged by 
said carrier to be transported thereby, and 
means for seaming said cans while being so car- 
ried, substantially as described. 


1,028,665. PUMP. ACHILLE BERTELLI, Brescia, 
Italy. 
1. In a pump of the class described, the com- 

bination of a well tube, a pipe fitting in the well 

tube and communicating with the latter, means 
for sealing the upper end of the well tube, a suc- 
tion pump connected with the pipe, an upwardly 
tapered air injecting tube centrally disposed in 
the pipe, and means for forcing a continuous 
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supply of air through the tapered air injecting 


tube. 
1,028,722. PNEUMATICALLY-CONTROLLED 


"DRAIN-VALVE. MARTIN H. HEss, Davenport, 


owa. 
1,028,740. CUSHIONING DEVICE FOR VE- 
3 roa THEODORE A. KLENKE, New York, 


1,028,793. PNEUMATIC STACKER. 
K. SHARPE, Jr., Indianapolis, Ind. 


JUNE 11. 

1,028,862. SLIDE-VALVE FOR AIR-MOTORS. 
WILLIAM F, CooPER and EDWARD P. CHASE, 
Norwalk, Ohio. 

1,028,939. FLUID-BRAKE FOR RECOIL-GUNS. 
WALTER HEILEMANN, Essen-on-the-Ruhr, Ger- 


many. 

1,028,994. BUBBLE-BLOWER. FRANK H. 
CORDTMEYER, New York, N. Y. 

1,028,997. POWDERED-FUEL-FEEDING AP- 
PARATUS. WILLIAM R. DuNN, Easton, Pa. 


JOSEPH 


1,029,025. INLET-VALVE FOR COMPRES- 
SORS. Harry D. Murray, Grove City, Pa. 
1,029,082. PNEUMATIC IMPACT - TOOL. 


CHARLES K. PICKLEs, St. Louis, Mo. 
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1,029,097. hg dg Harry E. ATKINSON, Tra- 
verse City, 

1,029,186. SOSITIVE BLOWER. WILLIAM W. 
GREEN, Niles, Mich. 

1,029,201. REFRIGERATING - MACHINE. 
MAURICE LEBLANC, Paris, France. 

1,029,247. PNEUMATIC CUT-OFF FOR DUMP 
CARS. JoHN W. WILcox, Chicago Heights, 


Ti. 

1,029,294. ROCK-DRILL. JAMES MINERS HOL- 
MAN and JOHN LEONARD HOLMAN, Camborne, 
England. 

1,029,309. AIR AND GAS COMPRESSOR. 
CaAsPER W. MILEs, Anderson township, Hamil- 
ton county, Ohio. 

1,029,368. AIR-BRAKE. GerorGE W. HouN and 
EpwarpD G. REISINGER, Butler, Pa. 

1,029,413. PUMPING APPARATUS. FRIEND 
A. ALLEN, Granger, Mo. 
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tected from sparks, then generating a blast of 

air and blowing the powder into the hole, sub- 

stantially as described. 

1,029,644. PNEUMATIC SPRING FOR VE- 
HICLES. ARTHUR C. VaIL, Selah, Wash. 

1,029,691. BLOWPIPE. WILLIAM KIRKWOOD, 
Chicago, Ill. 

1,029,746. VACUUM APPARATUS. Louis W. 
G. FLyNnt, Rochester, N. Y. 
1,029,779. GLASS-BLOWING APPARATUS, 
ALBERT C. WILCOx, Wheeling, W. Va 
1,029,796. APPARATUS FOR PRODUCING AN 
EXPLOSIVE OR COMBUSTIBLE MIXTURE 
OF LIQUID FUEL AND AIR. CHARLES 


ERNEST Dawson, Teddington, England. 
1,029,818. OIL-BURNING APPARATUS. W1L- 
LIAM C. H. NoBue, Los Angeles, Cal. 
1,029,849.° FLUID-OPERATED HOIST. WattTEerR 
H. Butz, North Plainfield, N. J. 
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1,029,421. ACTION FOR PNEUMATIC PIANO- 
PLAYERS. Erick V. CARLSON, Chicago, IIl. 
1,029,423. FLUID-ACTUATED LIFTING-JACK. 

WILLARD R. CHANDLER, Branchville, S. C. 

1,029,460. FLUID - PRESSURE ENGINE. 
CHARLES BENJAMIN REDRUP, Cardiff, England. 

1,029,464. VALVE. Wr.Li1am F. RUWELL, Phil- 
adelphia, Pa. 

1,029,477. VALVE-CONTROLLING MECHAN- 
ISM FOR TRAIN-AIR-BRAKE-SYSTEMS. 
PERRY T, STRADER, Amarillo, Tex. 

1,029,489. FLUID - PRESSURE TURBINE. 
ATHOL WILFRID CLARKE, Manchester, England. 

1,029,565. PNEUMATIC CASTING APPAR- 
ATUS. SAMUEL PRICE WETHERILL, Jr., and 
JOHN PRICE WETHERILL, Jr., Philadelphia, Pa. 


JUNE 18. 

1,029,599. SANDING DEVICE. LE BERTEN T. 
DuNcAN, Long Pine, Nebr. 

1,029,625. PNEUMATIC AUTOMOBILE-WHEEL 
Oscar C. OLNEY, Cincinnati, Ohio. 

1,029,630. METHOD OF AND APPARATUS 
FOR CHARGING POWDER. WILLIAM H. 
PLUMMER and JOHN TRESIDER, Coleraine, Minn. 
1. The method of charging powder into a hole 

which consists in inserting a tube into the hole, 

placing a quantity of powder in a receptacle pro- 





1,029,855. ROCK-DRILL. Davin C. DEMAREST, 
San Francisco, Cal. 

1,029,862. HIGH-VACUUM ROTARY PUMP. 
WOLFGANG GAEDE, Freiburg, Breisgau, Ger- 


many. 

1,029,916. VACUUM-CLEANER. CoNnsTANT DE 
Mattia, Detroit, Mich. 

1,029,945. PNEUMATIC VEHICLE-SPRING. 
THomMAS D. QUIGLEY, San Francisco, Cal. 

1,029,994. PNEUMATIC ENGINE-STARTER. 
JOHN ALLEN HEANY, Washington, D. C. 

1,030,064. FLUID-PRESSURE MOTOR FOR 
FIRE-BOX DOORS OR OTHER RECIPRO- 
CATING MEMBERS. ALBERT G. ELVIN, Som- 
erville, N. J. 

1,030,105. FLUID - PRESSURE CONTROL. 
FREDERICK E. MARTIN, Bonami, La. 

1,030,119. SPRAYER. JoHN OVERBEKE, Cleve- 
land, Ohio. 

1,030,212. PNEUMATIC HAND - HAMMER. 
CLEMENT HENRY STEVENS, Las Palmas, Gran 
Canaria, Canary Islands. 

1,030,234. FLUID-PRESSURE MOTOR FOR 
FIRE-BOX DOORS. ALBERT G. ELVIN, East 


JUNE 25. 


1,030,416. FLANGING-MACHINE. HucH Mc 
CaBE, Lawrence, Mass. 
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1,030,418. AIR-BLOWER FOR FORGES. JoHN 
T. McINTYyRE, Jackson, Ala. 

1,030,419. OIL-BURNER. RoBEert BuRNS Mc- 
LELLAN, Seattle, Wash. 

1,030,454. TRAIN-AIR-SIGNAL INDICATOR. 
THOMAS F. BELLHOUSE, Sacramento, Cal. 

1,030,468. FLUID-CLUTCH. Guy G. CRANE, 
Rockford, Ill. 

1,030,465. GASOLENE BLOW-TORCH. JAMES 
E. FLITcRoFT, Ocean Grove, N. J. 

1,030,565. TRAIN-BRAKE. -JAMEs G. BUCHAN- 
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AN, Cananea, Mexico, and JOHN W. KELKER, 
Los Angeles, Cal. 

1,030,566. MECHANICAL MOTOR. GEoRGE W, 
BUNTING, Ocean City, Md. 

1,030,681. CYLINDER FOR FLUID-PRESSURE 
ENGINES OR PUMPS. CHARLES BENJAMIN 
REDRUP, Canton, Cardiff, England. 

1,030,824. BURNER. THomas F. KENT, St. 
Louis, M 


; Mo. 
1,030,832. DRILL-ACTUATING MECHANISM. 
WILLIAM K. RILEy, Los Angeles, Cal. 
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